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STUDIES IN FERTILITY AND INBREEDIN» 
IN SOME HERBAGE GRASSES 

BY FREDRIK NILSSON 

UNDROM, SWnOEN 


1. INTRODUCTION. 

T he iiivestigalions, tJu» resuits of which will be given in tliis paper, 
wero carried out in conneciion wilb practical grass breeding at 
Weibullsliolin during the years 1920- -1931. In th(‘ autumn of 1925 
Dr. K. B. Kristofi KRSON look charge of lierbage plant breeding at 
\Veil)idlsholm, and Ihe present wriler, in liis capacity as assistant, was 
in tlu' position to participate in llie breeding work from tlie verv be- 
ginning and to discuss with Dr. Kristoffkrson the problems involved 
in allaining practically valiiable resuits in the work of plant breeding. 
Ever since 1927 the present writer was in charge of herl)age plant 
breeding and eonlinned tlie work righl iip lo the autumn of 1931. In 
Ihe work of practical grass breeding all the economically valualde 
species were gradually brought under cultivation. 

In conneciion with this work Ihere arose of course the (juestion as 
to wiiat methods could and should be eniployed, and it soon l>ecame 
evident that for the lime being it would be necessary lo proceed along 
the lines of the breeding methods adopted up to tliat time. Of these 
methods only Iwo need J)e nuadioned, viz. the principle of family 
breeding, practised in rool-crops and rye, and the isolation method 
elahorated by Wittk (1911) lor perennial grass species. The breeding 
of grasses carried on previously al \^'eibulls]H)hu by Dr. B. Kajan Lis 
had on the wliole been in accordance with Wittk s method. The appli- 
cation of \VrrTK\ method. lioN\ever, requires a knowledge of the self- 
fertilizing capacity of the various species of grasses and the effect of 
inbrceding upon the progeny. 

For the purpose of studying these condilions more closely invesliga- 
tions were .started on seed-selting in isolation and the dcvelopment of the 
progeny after self-fertilization. l'hesc investigations were commenced 
in 1926 and were continued up to the autumn of 1931. Starting with 
Festucci praitmsis, Ddctylis glomcraia and Phleum pratense the in- 
vestigations were extended so as to inchide the Lolium species, Festiica 
ritbra, Poa pratensis and Alopecuriis pratensis. When these investiga- 
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tions were started other researchers in differciit countries hadcontribuled 
io our knowledge of Ihe problems involved, chiefly relatiiig to the tall 
hay-grasses (Frandsen 1917, Fkuwirth 1916, 1920, 1924, Hayes and 
Barker 1922, Hayes and Clarke 1925, Jknkin 1924, Knuth 1898, 
Mc Rostie 1925, Raum 1914, Webber 1912, Witte 1915, 1919 a — c, 
1922). Since then a niimber of publications huve appeared, whicli throw 
furthcr light on Ihese queslions (Clarke 1927, Knoll 1929, Jenkin 
1928, 1930, 1931 a— d, Stapledon 1931, Troll 1931, Sylvén 1929, 
Valle 1931b, Beddows 1931), in addition to which data have been 
published with regard to the fertility and inbreeding of pasture grasses 
(Jenkin 1931 d. Troll 1931, Valle 1931 a, Nilsson-Leissner 1933). 

The present investigations are not to be regarded as concluded and 
Ihc wriler would have preferred to continue them for another year or 
two before pnblishing. On his departure from Weibullsholm in the 
autiimn of 1931, however, he had to leave the material behind, and as 
there is no longer any possibility of conlinuing the investigations on the 
material the writer has deemed it advisable to publish the resiilts altained 
and in conjunetiou Iherewith to discuss the conclusions that may be 
drawn and tlieir applicalion lo praCtical breeding methods. 

Before proceeding to give an accoiint of the results obtainecl and 
how they were aehieved I wish to express my indel)tedness to Professor 
II. Nilsson-Ehle, Svalöf, for the interest he has shown in the invesliga- 
tions and for his readiness lo grant working faciliti(‘s during the lime 
I have been einploycd at Sveriges Utsädesförening. I also wish to tender 
spe^cial thanks to Dr. K. B. Kristofferson, Härnösand, for valuahle 
suggestions during the years 1926 — 1927, and to Dr. O. Tedin, Svalöf, 
for the interest he has shown in the work and for his viiluable com- 
ments and advice on working the material, especially the matheniatical 
treatmenl. 1 also received his assistance in setting iij) formula ((>) 
mentioned below. Further, I wish to tender my inost sincere thanks lo 
Dr. R. A. Fisher, Rothamsled, and to Mr. J. W. Hopkins al the same 
station for furnishing the matheniatical proofs to formulae (7) and (8). 
My colleagues at Svalöf, Dr. N. Sylvén and Dr. G. Nilsson-Leissner, 
as well as Dr. (i. Turksson, Lund, I gratefully tliaiik for the interest 
they liave shown in my work and for advice given during its progress. 

In conclusion I wish to mcntiou that I have received valuahle assist- 
an(*e from my wife, Mrs. Martha Nilsson, as well as from Miss Inga 
Palm in the teehnical operations of measuring and determining the seed 
selting. 
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PROBLEMS. 

The problems thal had lo be solved, or at any rate brought nearer 
solution, were llie Ibllowing: 

1) Determiiialion of Ihe self-fertilily of Iho econoinically imporlant 
species of grasses, especially the amounl of secd-s(‘tting in eiiforced self- 
fertilization. 

2) To find oul if differeiil degrees of self-ferlility oceur in different 
strains and biotypes williin Ihe same species. 

3) The relation hetween self-ferfility and general fertility in open 
pollinalion. 

4) The heredily of self-ferlilily. 

5) The effeet of self-ferlilization on Ihe development of Ihe 
progeny, and 

6) Testing if the resulls w(M'e in agreemenl with current Iheories of 
inbreeding. 

Part of the results ol)tained has already been published. Thus, a 
report has been given of the Lolium species (F. Nilsson 1030, 1933 b) 
and of Festucd nibra, Po(f pratensis and Alopvcunis pratensis (F. Nilsson 
1933 a). This i)aper will therefore mainly coinprise dala concerning 
Festuai pratensis. IJactijlis (jlomerata and Phlciim pratense. A brief 
survey of the previonsly piit)lished results in olher species will be added, 
together with a disciission of the resulls in tlu* species invesligated. 

In the following accounl a survey will first l)e given of the material 
employed and the inelhods applied. l)oth technically and niathemalically, 
after which the resulls oblain<*d will be gi\eii for eacli species separately. 
The princi[)le adopled is first lo give an accounl of the tests of fertility 
and then of the effecl of inbreeding on the progeny. A retrospeclive 
survey will be given of the results of the in\ estigations on each species 
and finally a disciission of the resulls in comparison w iWi those of olher 
researchers in the same t ield. 


II. MATERIAL AND METHODS- 

1. MATERIAL. 

The material enii)loyed in these invesligations was taken chiefly 
from coinmercial strains and from selected strains existent at Weibulls- 
holm when the invesligations were started. All planls isolatcd in 1926 
and 1927 were selected because of their desirable appearance in different 
charaeters with the intention of oblaining strains uniform as regards 
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practically valuable characters- Concerning timothy plants isolated in 
1929 and 1930 information is given together with tlie accounts of the 
results. 

a) FESTUCA PRATENSIS HUDS., MEADOW FESCUE. 

In the spring of 1925 Mr. S. O. Bkrg had raised plant material for 
praclical seleclion in the following strains: Wcibuirs selected strain, 
WeibiilVs Mimer, DcvhnfeldVs strain, Svalörs early and Svalöfs late 
strain. Of Ihese strains at leasl 200 plants were planted with a distance 
of 30 X 40 cm. hetween each plant. Thesc populations, which form 
tlie basic material of the ineadow fescue investigations, were well 
(leveloped and vigorous, but they exhibited very great variation in a 
number of characlers. This high degree of variation indicated that each 
population was composed of a great many types, from which there >vas 
every prospect of differentialing, by ineans of selection, a number of 
more or less valuable biotypes. The strains, all of which are products 
of seleclion, thus proved to be by no means uniform wdien single indi- 
viduals were spaced. None of them could be considered entirely free 
from previous inbreeding but all seeni to have been prodiiced by a more 
or less rigorous inbreeding, which cannot, howevcT, have betm carried 
on for more than one generation. Svalörs strains had been raised in 
accordance with \A'ittk’s breeding method from isolaled clones of wild 
plants, while WeibiilTs Mimer is derived from a plani of Weibnirs 
selected strain (Hkhg 1927). No accurate records of derivalion are found 
for the lalter strain and DwhnfeldVs strain. Owing lo tJie lack of com- 
plete information concerning previous inbreeding all .strains are de- 
signated /,„ making allowance for the possible inbreeding in one genera- 
tion, the effect of which may be assumed to have been annulled by 
severul generations of commercial seed growing. Of these strains 158 
plants in all were isolated in 1929 and when the isolations were harvested 
seeds were also collecled afler free flowering. In connection with some 
Crossing experiments in 1928 three plants were isolated in a greenhouse 
and eight plants in the open field. 

h) DACTYLIS GLOMERATA L., COCKSFOOT. 

In 192() there was at tlie station a cocksfool population of about 
200 plants ol each ot the strains Svalöfs Skandia, Weibuirs Minerna II, 
Weihiiirs Tardiis, and the new strains, 413 and 453, which had been 
raised at Weibullshohn but had not been put on the market. Each of 
these strains, which form the basic material of the investigations on 
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cocksfoot grass, exhibited great variability belwecn the diffcrent indivi- 
duals and they offered the possibilily of breeding different types. None 
of them is entirely free from past iiibreeding and according to available 
records they can be rcferred to differenl generations of inbrecding. 
Skandia (Witte 1914) and Tardus (Kajanus 1920) are derived from 
two different motlier planis of wild Swedish cocksfoot, and in this paper 
they are designated, like the meadow fcscue straiiis, as /o, while tlie 
other strains receive the designation /,, as they dcmoiistrably belong to 
a later generation of iiibreeding Ihan Skandia and Tardus. Minerva II 
is derived from an isolated plant of Skandia (Berg 1926), ål 3 in the 
same manner from Tardus and 433 from another unnamed strain. 
Whcn tliese invéstigations were started the siipply of Minerva II, 413 
and 453 consisted of sei^dlings from families, separated in isolation is- 
lands for one generation, tliese families again being derived from indi- 
vidual plants isolated in pergamiiie bags. Hence these strains may be 
regarded as /i-generations, whereas Skandia and Tardus, although 
derived from individual planis, can no longer be considered lo belong 
to any definite iiibreeding generation as they have been propagated for 
sevcral generations on a large scale. Of the strains mentioned above 
229 plants in all were isolated in 1926. from which seed was also 
harvested afler fre(‘ flowering. 

c) PIILEUM PRATENSK L., TIMOTHY. 

The timolhy material also consists inainly of commercial strains, 
spaced plants of wliicli were available already in 1926 or raised later 
on from samples of seeds jirocured. In 1926 isolations were performed 
on altogether 60 |)lants from the strains WeihulTs Kämpe, Svalöf^* 
Gloria, No. T21 and Swedish Common commercial tiinothy. At the 
same time seeds were collecled and sown from a nuniher of isolations 
carried out in 1925 by Mr. S. O. Berg on the strains 12/ and 404. In 
1927 there were also added Svalörs Primus, WeibulTs Freja, Finnish 
timolhy, Russian timolhy and strain No. 397 raised at Weibullsholm. 
All these strains belong to the erect, tall lype of timothy, to which 
Jenkin (1931 d) has given the naines »hay-typev> and »semi-hay type>', 
and should be referred to the type classified by (iREGOR and Sansome 
(1930) as Group I with a somatic chromosome number of 42. The 
strains have been subjected to previoiis inbreeding to a varying extent. 
Nothing is known of the Russian timothy in this respect, as it had been 
raised from a seed-sample obtained Ihrough the Russian Commercial 
Delegation at Stockholm. Ä'diiipe and Fre/a (W. Weilnills Årsbok 1922) 
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as wcll as Primus (Witte 1916) and Gloria (WitTE 1920) are strains 
bred in accordance wilh Witte’s breeding melhod. Kämpe is derived 
from Finnish timothy, while the other strains trace their origin from 
wild-growing Swedish timothy plants. Of the other strains the one 
designated Finnish timothy was a direct second generation of a Finnish 
commercial sarnple, ^04 a second inbreeding generation derived from 
Kämpe, while 121 and 397 represent direct prodncts of self-fertilization 
in one generation of wild Swedish timothy plants. In the following 
report Finnish timothy and strain So, 404 are designated Lj and strains 
Sos, 121 and 397 as All the others are designated /o, allowing for the 
inbreeding of one generation in the breeding of the strains, in conformity 
with what was said above regarding meadow fescue and cocksfoot. 

In addition to the strains mentioned above isolalions were made in 
1930 on 14 transplanted wild timothy plants, 5 of which belonged to 
Phleum pratense var. nodosum L. from the island of Öland, and 10 
plants, also of the nodosum tj^pe, derived from seeds produced hy a 
Russian seed-saniple obtained in 1928. These plants, which correspond 
to Jenkin’s »pasture type», shoiild probably be referred to (iKEGOR and 
Sansome’s (iroup II with a somatic chroiuosome number of 14. 


2. EXPERIMENT AL METHODS- 

Aceurate counts of fertility have been perf ormed in Festuca prat em 
sis and Phleum pratense, whereas the resnlls in Dactylis ylomerata are 
based only on observations. The species subjected to the inost thoroiigh 
examination is Phleum pratense, in which it was possible to follow the 
>self -fertility). from mother plants lo progeny. The investigations into 
the effect of self-fertilization on the progeny are based, partly on general 
observations of the development and the appearance of varit)us charac- 
ters and partly on aceurate measurements ol‘ the variability. As 1 was 
not in a position to determine the vigour in the separate individuals by 
means of weighing, as was done by Jenkin (1926) and Valle (1931 a 
and b) in their researches on inbreeding effect in Loliiim perenne, 
Phleum pratense and Festuca rubra, 1 considered it inost appropriate that 
a close study should be made of some definite charaeter and thus the 
height was chosen as being an easily measurable charaeter, which had 
also been closely studied in previous inbreeding investigations on dif- 
ferent species (Shull, East, Jones, IIeribert Nilsson, Valle and 
others). An analysis has been made of the variation in height in the 
material in its entirety but even other charaeters, especially in some 
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families of timothy, Imve beoii analysed, such as length of paiiicle and 
tillering. 

In meadow fescue il lias only been possible to examine ()n(‘ in- 
breeding generation, and Ihis was also Ihe case in cocksfool grass, wlien» 
different slrains, as has already been diseussed, represenl different in- 
breeding gi^neralions owiiig to earlier inbr(‘eding. The investigalions 
in timothy comprise different generations from the first lo the fourth 
inbreeding generation, bul it should be noted, however, that Ihcre are 
no comparisons between all the generations. The exlensive timothy 
material is trealed according to the different years during which the 
niother plants were selected. 


a) FERTILITY. 

All the isolations, excepl a few plants of meadow feseiie which will 
be dealt witli below, were performed in the opeii. The isolating ma- 
terial emj)loyed consisted of double pergamine bags of rather large 
dimensions. The techiii(|ue of isolation was only varied in one delail, 
that is. in tying Ihe bags. Hesides the usiial method ot tying the bags 
at the top and bottom Irials wen» made in 1926, on the suggestion of 
Dr. K. H. Kristofferson, to hold the upper part of the bag loosely 
by means of a ring fixed to the top of the bag. This resulted, however. 
only in th(‘ enclosed panicles b(*ing more easily damaged and having 
to b(* rejectt‘d al harvesl. 

Jn all isolations as far as possible 3 panicles in the same stage of 
developinent and oii aboul equally tall slraws were (*nclos(‘d in each bag 
and 2 parallel isolations were made on each plant. In 1927. iiowever, 
4 parallel isolations were made on each plant. When harvested all tlu‘ 
isolations were examined very carefully and whenever the bag was 
found damaged the isolation was rejecled. The isolating bags were left 
unlouched unlil Ihe panicles were Ihreshed and in harvesting the seeds 
the isoiated panicles were cut off from their plants. After free flowering 
at least 3 large and normally developed x>anicles were har\ ested in order 
to examine the seed-setting. 

It has not been possible to examine exactly the seed-setting in all 
the isolated material, in a number of cases it has only beeii graded 
after threshing and records kept of the number of seedlings after the 
sowing of the seeds. In the meadow fescue plants isolated in 1928 the 
seed-setting was, however, accurately delermined by coimting the num- 
ber of flowers and seeds produced. The seed-setting in timothy was 
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determined in the same manner as in earlier investigations (WiTTE, 
Sylvén, Valle and others), by counting the number of seeds per paiiicle 
and measuring the length of the panicle, by means of which the seed- 
setting per cm. of the panicle length could be calculated. In a number 
of the 1927 isolations. however, only the number of seeds per panicle 
was determined. 


b) INBREEDING EFFECTS. 

In order to estiniate the development of the progeny after self- 
ferlilization seedlings werc raised also from seeds after free flowering 
for the sake oi comparison, and in addition the isolated mother plants 
were preserved and afler vegetative increase were planted beside their 
progeny. The mother plants in the cocksfoot and meadow fescue ma- 
terial and in the limothy material isolated in 1926 and 1927 were, how- 
ever, planted out too late in the autumu of 1928, hence they did not 
reach lliat degree of development required for a direct comparison with 
the progeny. When seedlings after the 1929 harvest were being planted 
in the surnmer of 1980 ten evenly sized cuttings of the mother plants 
were also planted out at the same time so as to obtain as equal a degree 
of development as possible for the next year. In the investigations 
performed in 1931 comparisons could also be made between mother 
plants and their progenies. For the rest, the investigations oii inbreeding 
were based on comparisons between families after isolation and open 
pollination derived from the same mother plant. The seedlings werc 
obtained from seeds sown in sterilized earth in pots, and after trans- 
planlation the plants were planted in the open with a distance of 
80 X 40 cm. between each plant. Families obtained after isolation and 
after frt*e flowering from the same mother plant were placed side by 
side in order to ensure the best possible material for comparison. The 
designation of the material is the same as that applied by Valle (1931 b) 
to his timothy material. Families after isolation are designated /i. I*. U 
according to the inbreeding generation to which they belong, and fa- 
milies after free flowering are designated Thus, the designation 
InK denotes a family derived from an open pollinated L. plant. 

By inbreeding effeet is meant, unless otherwise stated, as in the 
timothy investigations of 1931, the differences that can be observed to 
oceur ill the various charaeters between families after isolation and free 
flowering. As already mentioned (page 6), the height of the plants 
especially has been studied very carcfully in the different families as 
well as the variability oceurring in this charaeter. As it oceurs very 
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ofteii that individual panicles are excessive the principle adopted in 
measuring the heiglit was to takc the socond highest paniclc as the higli- 
est point. Thus, by height is meant the distance from the surface of the 
ground to the summit of the iiext tallest stem, measured verlically. The 
measurements were carried out during the flowering slage and are true 
to 1 cm. Other characters examined are the lenglh of the panicles and 
the tillering. The length of the isolaled panicles in timothy was 
measured. Measurements were also made on all plants in a number 
of fainilies, when the lenglh of the panicles of the three tallest straws 
on each plant was determined. The tillering in timothy was determined 
in some highly variable families by measuring the circumference of the 
plant 10 cin. above the surface of the ground. In these cases the straws 
were uniformly pressed together before the measurements were taken. 
Data relating to other characters have also been collected, particulars of 
which will be given for each group of the material separately. 

3. MATHEMATICAL METHODS. 

The numerical material obtained in Ihese investigalions has been 
treatcd matheniatically in accordance with the methods of analysis 
developed by Fisher (1930). As no detailed references will be given in 
this report when dealing with the separate cases it may be necessary 
to give a somewhal comprehensive explanation of the procedure in the 
matliematical operations and the testing of the slatistical data. In the 
analysis of variance of separate characters, such as fertility, height, 
length of panicle, etc., the same method is employt‘d and by way of 
example the procedure in the analysis of hcnglit may be given. Tn order 
to illustrate the possible grouping of the aggregate variation in height 
in the entire material determined during one year the following 
schematic survey is given: 

Total height variation 



inter-strain intra-slrain 



inter-group intra-group 

/ \ 

inter-family intra-lamily 

The families are of two kinds, viz. I and K families, which have been 
arranged into groups, each consisting of one I family and one K family 
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derived from the same mother plant. By adding all groups belonging 
k) the same strain \ve get the total variation within each strain and by 
adding together all the strains we obtain the total variation, This was 
also the melhod employed in the calculations performed, beginning with 
the separatc faniilies which were successively coordinated into groups 
and strains. Special combinatioiis were also made, as for instance, of 
all / faniilies and of all K faniilies, thns procuring a comparison between 
tlie enlire / material and the entire K material, first within each strain 
and then within the material as a wliole. 

The height variation within the separale faniilies is determined with 
the aid ot the niean and the deviations from it by the usual forinula 


^^"ith an / family and its corresponding K family, having iXi and ih 
individiials respectiveJy, a group is formed, the total variation of which 
is found hy the formula: 


or 


2’(V- 

"l \-’h~ 1 


( 2 ) 


This total variation within the group can, however, also be found by 
siunming the sunis of squares and 1). F. (degrees of freedom) from the 
inlra-family and inter-tainily variation within the group. These are 
conijuited hy the lorniulae: 


inlraelass variance (var^j,) 


«i -l — 


iiiterclass lariance 


(var,,j =r 


l(nir‘) 

2-1 


( 3 ) 

( 4 ) 


In formulae (2) (4) is equal to the deviation of the individual 

variants Irom the group mean, di and d^ are the individual deviations 
in the respective lamilies from the family mean, D is the differcnce of 
the family mean Ironi the group mean. Formulae (3) and (4) are 
extensively used in determining the intraclass and interclass variance 
and are also applied lor tinding the inträ- and inter-group variation, 
intra- and inter-strain variation, etc. 

Tims, for instance, the total intra-group variation within each 
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strain is obtained by suminalioii of the sum of squaros and 1). F. for 
eacli group and Ihe iiiler-group variation by the forniula: 


luter-group variaiice ~ 


2’|(n, + n.,) A'''} 

U- 1 


(5) 


which is only an applicatioii of forniula 14) wiHi t/ = number of the 
groups and — the deviatiou of tlie group means from the total meaii. 

In coniparing llu* variances in different families, groups or series, 
etc. Fisher\s (1. c.) r is einployed to determine Ihe slatistical signi- 
ficance, Fisu£r's Table VI lieing a valuable aid lo determine quickly 
what vallies of z shoiild be reached in a ceriain number of D. F.'s so 
that there is sufficient probabilily for differences not atlained hy 
chancc variation aloin*. As limitation valiie llu* 5 per cent. poinl of z 
was einployed, whicli corresponds lo a probahility of 95 : 5 thal a 
certain value is not obtained by chance variation alone. In this report 
a difference is considered to be significant if z reaches a value that is 
al least equal to the ().o:> point in chance variation. 

The inhreeding effecl in lieight after different molher plants is 
determined bv tht» difference of the mean heiglits in the K and / 
families lin the 19*n timothy material also by the diflerence belween 
mother clone and progeny) and is gi\en in ahsolule figiires. The 
average inhrt^eding effect is determined for each strain hy weighting 
the effect in the individual groups with the cffcctivc n», which is 
found for each group hy the forniula: 


£//. /. - 


H, . 

fl ! fl 


(fi) 


The analysis of varia nce of the inhreeding effecl in each strain is 
calculated by means of the followiiig formulae: 


Intraclass variaiice 






21 


(7) 


Interclass variaiice— ^ (8) 

g - 1 

In Ihcsc formulae, iii and ih denote, as previously, the number of 
individuals in the respcctive I and K families within each group, g is 
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V’ 

the number of* groups wilhin the strain and i the difference between 
the inbreeding effect of the individual group and the mean effect of 
the strain. The total intraclass variance is determined for all strains 
within a species by summation of the sum of squares and the D. F. 
for the total variance of each strain. and the interclass variance is 
obtained by the usual formula for interclass variance (4)» applying 


for each strain. 


The following doriva tion ot formula (0) inay be furiiished: The principle of 
the analysis of vunanro is Ihe weighling of each class-dovialioii from the total mean 
against the variance of the class-mean. The variance of the class^mean is obtained 
by the fornuila vhu where v is the variance within the dass, n the number of 
individuals in Ihe dass. The smaller the variance of the mean, the greater the 
weight ot ils dittcrence from Ihe total mean. and the weighling is made by muUi- 
plying the d- value of the <‘lass \sith the inverse value of Ihe variance of the dass- 
mean, c. sMth n/n. When v is supposed to be the same in all dasses, the wdght- 
ing is thus nuuh' siniply hy multiplying each class-d*’ by the n of the dass. The 
facl may also be stated in the following words: in determining the for the 
interclass-\ariancc, each class-d^ should be multiplied wilh the same value, which 
is used as denominalor in determining the variance of the class-mean. Now% wdieii 
vve wanl to deterniine the variance of a ditference between the means of two sets^ 
of observations, we ha ve lo use the lormula Uj/ni + ihins. If here again Vt -= ns, we 

have vlrii + n/n» . .In calculating the variance ot the difference we have, 

/ij . iij, 

thus, to usc the (lenoiiiiiiiitor h na|. Finally, iii di-lermiiiiin! the intcrelass 

variance of a series ol sucli diftereiices, we should iiuiltiply Ihe square of the 
difference between each indi\idual ditfcreiice and the mean of all wdlh this deiio- 
minator. This value has in this paper beeii teniied *tfie effevtwe n». 

In dolcrinining the correlalion between the variations in different 
series llu* coeflicients of correlalion and regression were caleulated by 
the fonnulae; 


n . o. 


• Ci, 


(9) 


R 


dy) 

2d? 


( 10 ) 


Thesc lorniulae, liowcvcr, have a liniited application, as they are 
only reliablo wheii .sinfjle t)bservations in botli Ihe series are put 
togelber. 11 the variants ol one or both of Ihe variation series are 
niiidc up of means from a number of observations Iben weighting must 
be made with the number of observations within each pair, thus the 
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nuiuerator will bc-i" By llie lormula lor interclass varianco 

(4) Ihe sum of squares will also be greater, hence the lormula for the 
coefficient oi regression will have the tollowing appearance: 


l(n,, . 


^ 11 ) 


This application ol weighting lias beeii made in all the calcula- 
tions >silh llie exceplion oi Ihe correlation calciilaiions beiween llu* 
found inbreeding eilect in Jieight and the \ariance in the I faniilies. In 
these cases there seemed no prospecis oi obtaining a greater relial)ilily 
in the correlation in proportion to Ihe increased labour and thereior(‘ 
formula (9) was applied. On the ineadow iescue inateriaL howexer 
a comparative calculalion was made b\ boih iormulae, when a verv 
sliglit difference 0 , 2 t» and } was obtained withoul anv 

stalisiical signilieance. ii onl> ihe covflicicnts oi correlation and 
regression are calculated small diilerences in ihe values are obtained 
in olher cases bv Ihe diiiereni melhods, unless the number oi observa- 
tions varies verv much. 

l'he variation in the relative characier (y) round the regression 
line is calculated thus: iirst we delermine that part oi the interclass 
variance in y, which is correlated vvith the interclass variance in i 
(the assumed charact(T) by the formula. 

(lorrelated variance in y R . l{d^dij) (12) 

atter which the variance aroiind the regression line is obtained b\ 
subtracting the value thus ol)tained irom the total interclass variance 
in y, 

1'he signilieance oi the regression is tested l)y means of the 
analysis of variance and the use oi r, as presented by Fisher (1. cJ 
The signiiicance ot the correlation is not tested by the standard error 
but by the use of r and b'lsHER\ Tables V A and V B (1. c ). A correla 
tion is assumed to be signiticant when there is a probabilitv ot at least 
95 : 5 that a value obtained carmot arise merely by chance variation. 

In all those cases stated in this report where \\w statistical signiiic- 
ance is not given exactly, the probabilitv is decidedly greater or less 
than the values given above, and lor this reason it is assumed, either 
that there exists a significant diilerence in variance or a signiticant 
correlation or that there is no suliicient proof for such diiferences or 
correlations. 
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On some of the timolhy material the skewness of the height 
variability has been delermined in / as well as in K families. In these 
calciilations, the results of ^^hich are given in Tables 38 — 41 (pp. 75 — 
79), the methods and lorinulae given by Fisher, Immer and Tedin 
(1932) have been used. The height \alues have been grouped in 
5 cin. classes laking class 0 — 5 as niimber 1, and then class numbers 
have been used in computing A*, and g, Thus, if A,- and A’^- 

values are to be coinpared with the means and variances ot the same 
material given elsewhere Ai must be multiplied by 5 and Aj by 25. 


III. EXPERIMENTAL RESULTS- 

1 FESTUCA PRATENSIS HUDS,, MEADOV FESCUE. 
a) FERTILITY. 

No aeeurale delerminalions were made ot the seed setting in the 
isolatioiis ol meadoNv lescue carried out in 1926. The seed setting, 
liowever, varied verv inuch in the ditlerent individuals, >\hich was 
indeed observed alreadv when the isolated panicles were threshed and 
again in the seedling nuinber atler sowing in 1927. Thiis, some plants 
did not \ield an\ progenv al all, while others proved to be relalively 
liighlv sell-terlile On the average, however the seed setling in Ihese 
isolations was low, wliieh denoles Ihat the degree ol vselt-ferlilitv » in 
ineadow lescue is low, Whether there are anv dillerences between 
the dillereiil strains cannol al present be delermined. That there are 
great individual <litlerences in > self-lerlilitv in meadow lescue has, how- 
ever, been aseertained in olher material examined in 1928. In that 
year 3 ])lants ot Weibiilks Mimer were isolaled in a greenhouse and 8 
planis, some Miiucr and some olher strains, isolaled in the open field. 
The r(‘sults ol Ihese isolations will be seen in Tables 1 and 2. The seed 
setting was in botii eases detennined b\ counling the nurnber of Ilowers 
and '»eeds Jn the greenhouse isolations it was possible to reckon 
(‘ach paniile sepaiately, as only one panicle w^as enelosed in each bag, 
hut in llu" isolatuais in the open 1 was onlv^ able to determine the 
numl)ei oi Ilowers and seeds on all the panicles enelosed in 
ev(Ty bag When several panicles are enelosed in one bag il is not 
possibh‘ al maluritv lo keej) the panicles apart, tor the seeds easily 
lall out and become mixed iogether. For comparison with sell-fertility 
on isolation llu‘ seed setling in Irec flowering has been examined on 3 
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panicles of overy plaiit isolalecl in Ihe open. These figures are given 
in Table 4. 

At the same time as Ihe seed selling was being exainined a nieasure- 
TABLE 1. Meadow Fescue Lsolaiions in (Irvenhomc in 1928, 


! Plant 
’ No. 


N u in b t* r 

Panicles ' Flowers Seed 


® 0 Seed 
setting 


2’d“ 1). F. Varianee 


162 B 1 

9 

, 1164 ' 

131 

1 l,.i 

85,51 

8 

10,6» 

818 1 

12 

1 2274 

81 

3,6 

62,47 { 

11 

5,68 

323 

7 

988 

84 

8, ,5 

104,71 

6 

1 /, 4.5 

Total within 

the planis.. 



. 252,6» 

25 

10,11 

Betwecn 

the 

plan Is . . . 



. 318, .76 

2 

1.59,18 

Total .... 





. 571, or. 

27 

21,1.5 


Average 
number of 
flowers per 
paniele 


129,:{ ' 

189,5 

141,1 


inenl of tlie size of tlie paniele, ])y eoiinting the numl)er of flo\vers on 
cach ])aniclc, was also procured. The size of Ihe panicles of ihe planis 
exainined is found in Tables 1, 2 and 4, from which it will be seen Ihal 


TABI.E 2. Mc(((low Fvsene Isolation^s in fhc ()j>cn Field in 1928 


1 

Isolation 

1 

I s O 1 a t i 

o n 

II 


Total 


A \ era ge 

Plant 


NuiiiIkm' 


tc 1 


Number 


rf 


Number 


Sf 

of 

)cr 

e 

No. 

1 

Panicles 

< 

ISm 

.Seed 

c C» ' 
c 

P 

c/; 

Panicles 

y 

u 

o 

Seed 

0 

Seed set 

r 

f 

o 

Seed 

o 

o 

O y O 
£ ^ 1 

5333 

3 

609 

16 

2,7 

3 

()87 

38 

5,:. 

6 

1287 

54 

4,1 

21 l,. 

34 

2 

376 , 

3 

(Is 

2 

331 

3 

0,9 

4 

710 

6 

0,11 


35 

3 

' 568 , 

12 

2.1 

2 

422 

7 

1,- 

5 

990 

19 

1,U 

4,1 

198,0 

36 

3 

862 

13 

5,(1 

ii 

787 

,30 

3,8 

6 

1649 

73 

274, H 

37 

3 

' 405 

0 

0,0 

3 

398 

0 

0,0 

6 

803 

0 

0,0 

i:ö,« 

38 ! 

2 

218 

11 , 

5,0 

2 

289 

14 

1,8 

4 

.307 

25 

1.» 

126,8 

39 

ii 

1 605 

30 

5,0 

— 


- 


3 

605 

.30 

5,0 

201,7 

84 

» 

3 

3 

1 696 1 

1 621 

5 

4 

0,7 

0,6 

3 

3 

846 

789 

22 

18 

2,1. 

2,3 

12 

2952 

19 

1,6 

246,8 


Average 2,4 20(),«> 


Ihe number of flowers on each paniele varies verv mueii in dillerenl 
planis. 

Ill order to aseertain if the differences in seed selting on isolation 
and size of paniele have any deeper cause and are not only diie to 
incidental variation or modifications a eomplete analysis of varianee 
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has been made. From Table 1 it will be seen that thc percentage of 
seed setting in the greenhouse isolations varies from 3,6 to 11,3 in these 
* plants with an aggregate mean of 7,3 % . The variation witliin the 
planls is also ratlier greal. bul not so great that sure differences cannot 


TABLE 3. Suwniarizing Analysis of Variance of Secd Setiing and Sizv 
of Panides in Mendow Fesciie in 1928. 


.... . 

liV 

I). F. 

Variance 

Se ed Se t till g 




Between isolations wilhin plants 

24,08 

9 

2,68 

» » between plants 

118,83 

6 

19,81 

1 Total between isolations 

142,91 

1 15 1 

9,53 

Size of Panicle (Nuniber of tlowers per panicle) 




Within plants ' 

43761,04 1 

38 I 

1151,61 

Between » 1 

108017,69 1 

7 1 

15431,10 

Total 1 

151778,73 1 

15 1 

3372, 8s 


be statisticully determined, for the variation between the plants is con- 
siderably greater than wilhin the plants (Table 1), and this difforence 
is so slatistically significant as not to be due lo inerely chance varia- 
lion. The same thing is Irue also of the isolations made in the open. 


TABLE 4. 

Sced Sdting in Free 

Panides of Mendow F 

escue in 1928. 

1" 

Plant 1 
j No. 1 

Panicle» | 

N ii m b e r 

Flowers 

Seed 

0 / j Number of 

c 1 flowers per 

Seed setting | 

5333 , 

.3 ! 

374 

261 

69,8 

1 

124,7 

5331 

3 

275 

147 

53,5 

91,7 

5335 

3 1 

402 

290 

72,1 

134,0 

5336 


458 

265 

57,9 

152,7 

5337 

3 ' 

452 

103 

22,8 

1 150,7 

5338 

3 1 

205 

173 i 

81,4 

1 68,1 

5339 

3 ' 

234 

120 

51,3 

1 78,0 

5384 

3 1 

235 

44 

18,7 

1 78,s 1 




Average 

53,8 

109,8 


The mean st*ed setting of all isolations ainounts here to 2,4 % , varying 
between 0 % in No. 5337 and 5 % in No. 5339. In the 7 plants, on 
which parallel isolations were made, the variation belwcen the plants 
is considerably greater than within the plants and this difference has 
great statistical significance (Table 3). 
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The seed selting in free intlorescences is also ver\ variable, and 
there are great divergencies hetween ditierenl jdants (Table 4). The 
extremes ol varialion consist ot No. 5384 with 18,7 % and 5338 witli 
84,1 %, Ilowever, as the seed selling ol Ihe individiial panicles has 
not been examined il is Iherelore iinpossible on tbis material to deter- 
mine if tiie variation belween the plants is greater llian wilhin the 
plants. Inslead, Ihe eorrelation belween seed selling in isolation and 
in tree tlowering has Iherelore been ealeulated. A jiositive eorrelation 
is tVmnd in wliicb r ~~ < whicli owiiig lo the small nuniber ot 

pairs on ^^hieh Ihe calciilalion is liased, eannol l)e pro\ed to ha\(‘ any 
great statistical signilicance. (The probabilit\ is about 87 : 13 ) 

Proceeding Ironi this posilhe eorrelalion it will now be lound, 
with the aid ot Ihe eoetlicient ol regression. Ibal the variation m selt- 
fertility» diie to variation in general fertilily amounts lo a \ahie ol 
-j: 55, )K remaining portion ot the variabililv’ belween Ihe plants, 
which in addition lo chanee and modil iealions can also be caiised by 
independenl giaielie varialion, amounts to - I3tn 14ie variation 
wilhin the plants ^^luch is however to be regarded as a pure en\iron- 
mental varialion, has aceording to Tal>le 3 a \aiianee ecjual lo 2 ,<»n, Ihal 
is lo sav, the remaining interelass variance is greater Ihan the intra- 
elass varianee llie dillerenee is siginlieani (proJ)abilil> 95 : 5). 
Allhough Ihe eorrelation on v\hieh Ihe diMsion ot Ihe >ariation hetween 
the |)lants is based is uneerlain, Ihere is reason tor assuming also a 
genetic varialion m sell-lertilit\ belv\een Ihe jilanis, vvhieh is not 
correlated with general lerlilitv 

In Tables 2 and 3 it vi\i\ be seen that llu‘ \ariation in Ihe si/e ol the 
panicles, delermmed bv eounling Ihe iiiimlua' ol tlowers per paniele, is 
greater b(*lv\een Ihe ditierenl jilanis Ihaii N>ilhiu them In Ihis ease 
too, there is great statistical cerlaint\ Ihal the dillerenee is greater Ihan 
might be expeeted to aiisi* i rom < hanee Thiis, the si/e ol the panicles 
on the dilterenl plants de[)ends on the genotypieal eonsliliition and 
incidental and em ironmental varialion in eonjunelion Ihe deeidedly 
greatest part bemg played bv the gimolvpieal eonstiliition. 

b) THE KFFECT OF SELF-FKHTIldZATlON ON THE PlHKiEN^. 

In addition to the heighl measuremeiils earrii^d ont in 1929 which 
have been thoroughly analvsed, some observations ha\e been made on 
the varialion in other charaelers alter selldertili/alion Thus, it 
happens rather ollen in progenies ol isolaled plants thal chloroplnlb 
deficient individuals occur. A few siich chlorophyll-delicient seedlings 


lierediUih X/A 
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have appearcd in different families, but not in any large numbers and 
no fixed numerical proportions have been possible to ascertain* It 
should be noted, however, that besides piire albino seedlings there also 
occurred yellow and yellowish green, which shows that several chloro- 
phyll faclors are active. Besides one-coloiired chlorophyll variants, 
plants wilh whitc-streaked leaves have also been observed, which were 
sometimes not seen until Ihe second year, and then most distinctly 
during Ihe lirst monlh of vegetation in the spring. In suinmer several 
of these plants lurned quite green, hence the abnormal development 
of chlorophyll in these types seems to be restricted to the juvenile stage 
of the plant. 

On thi* meadow fescue material great variations have been noted 
with respect to the development of the plants, such as, formation of 
tussocks, t*arliness, tillering and stiffness of straw, resistancy lo riist, 
etc., which qiialities seem lo vary lo a much grealer extent in families 
after isolation than after free flowering. These characters have not, 
iiowever, been definitely graded in the material in its enlirety but have 
only been noted on a few plants and families that WH're considered 
valuable in the work of practical selection. This much may, however, 
be said, that the families after isolation have presented a picture of 
great differentiation in various respects. Occasional families after iso- 
lation have also shown signs of intense segregation so that different 
gradations of several qualilies could be ascertained. This also holds 
good for the height, which was thoroughly analysed and a detailed 
account of which will be given. 

Tahle 5 gives the nuniber of plants in the different families and 
the mean height for each family, besides which the variance is given 
as a measurement of the variation. In order lo examine the variiition 
in laniilies derived from the same mother plant, corresponding /- and 
Ä-families have heen grouped together, for whicli the total mean, as 
well as ihe total variance within each group t var,), have been cal- 
culaled. This total variance has then heen divided into intraclass and 
interclass \ariance, lahulated in the last two columns. Var^j^ denotes 
tlie intraclass variance and vaCp the interclass variance within each 
group. A close study of the Table will at once show that in gencTal 
the meaii height of the /-families is lower than that of the corresponding 
A-lamilios. There are however two exceptions, onc being in Daelw- 
feldfs strain, group No. 5, the other in the only group representing 
Svalöfs late strain, Thus, if an inbreeding effeet has occurred in the 
majority ol the cases, displaying itself in a lower average height in the 
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TABLE 5. Analysis of Vannnce of the Height of Inbrecdwg Material 
in Meadow Fescue in 1929 
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progenies jifhT soll-lerlili/alion than in those aJter Iree Ilowering, then 
Ihe progeiiies ol Iwo inollier plants attar isolation liave sliowii a grealer 
axcrage h(*iglit llian corresponding Ä"-taniiJies TJiis increase is certainly 
not so gival. iii Ihe lirst case so slight thal tlu* inlraclass variance is 
groalor llian tlu» interclass variance, and tlie increase lias theretore no 
slatistical sigmlicance In llit^ otluT case, in N/)o/o/\s’ late straitiy the 
iiiereast* is greater, n*sultmg in tlie inlerclass variance being grealer 
than the inlraclass variance in this group. Owing lo the small number 
ol 1). V no greal stalistical sigmlicance can ho>vever be assigned to 
this ditterence as it iniglit have arisen Iroin purely incidental variation. 
1 he decrease m height vv hich appears to have occurred in the otlier 
groups, as shovvn b\ the av erage heights in '^rabh* 5, does not always 
stand Ihe slatistical lest either In tvvo cases, groups 19 and 24, the 
inh‘rclass vaiiance is lower than the inlraclass variance and the 
decrease here has no sigmlicance whatever, and the /- and A'-taniUies 
in these groups ina\ be considered to belong lo the same height popu- 
lalion In 9 olhei grcmps (1, 3 6, K), 13, 14, 23, 27 and 30) the inter- 
class variance is grealer, l)ut the difterence is not so great that it could 
not have arisen incidentally. Tlie remaining 21 groups, liowever, show 
such a great decrease in height that it can be proved with statistical 
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accuracy ihat a depression lias occurred, lliat is, tlie difierences are so 
great that they cuiiiiot be coiisidered to lie witliin Ihe limits of chancc 
variation. The lirsl f»roup niay be cited as an example, where hall Ihe 
difference belween the natural logarithm lor varp and var^i^ (— r) 
amounts to (),7s«i). In chanre variation alone z aniounts in 5 \ ol the 
cases only lo a valiu' ol 0 , 72 ih with the nuinber ol degrees of freedom 
in (|uestion, sllov^ing tliat eonsiderable stalistical signilicance ina\ be 
assigned to this ditlerenee. In other cases z amounts to a value con- 
siderably in excess ol thal \^hich occurs b\ chance in 1 per cent ol all 
cases. Thus, it can be proved with the aid ol the anal\sis ol variance 
that in 21 groups out ol 34 a depression in height has occurred in 
fainilies alter sell-lerlili/ation. whereas in Ihe remaining 13 groups no 
signilicant ditlerenee is lound belween lamilies aller sell-lerlili/ation 
and aller cross-lerlili/ation. 

TABLE (). Aiutlijsis of Yftrumee of Inhrevding Effcct in licujht wiihin 
Ihffercni Stnnns of Memiow Fesciic \n W29, 


Intiaclass Inteiclass 



2(1*’ 

I) r 

V a na nee 

2’d^ 

I) F 

\ ai lan CL* 

Weihuirs seleeted 

7697,00 

154 

19,98 

661, >3 

3 

22(>,5i 

DaehnteldUs stram 

. 23169,00 

430 

54,21 

1880,50 

9 

208,9. 

Weihuirs Mimer 

23499,00 

415 

56,11 

1(>00,'V8 

8 

2(K),ot 

Svalofs earl> stram 

10751,00 

382 

41,21 

1995,02 

9 

221,7- 


A close examination ol the >ariabilit\ ol llie inhrec‘dmg el teet bet- 
ween the dillerent groups ol Itie strains examined will show (Table hl 
thal in all Ihe strains (in this case it has not been possihle to incliute 
Svnlöf s Inte siniin] Ihe inlerclass \ariance ol the inbreeding ellecl is 
greater Ihan the inlraclass \ariance. These dillerences are, l>esides 
stalislicalK signilicant in all cases. showing that ditlerent inolher plaiits 
give difierent inbreeding ellecl. not only due lo incidental \arialion but 
also on account ol their genotvpical conslilution. Anot her striking 
thing is the close similaritx in Ihe si/e ol both inlraclass and interclass 
xariance in the different strams (Table (>), and Iherehv the total 
variance ol the inbreeding ellect in the strains tested, which appears 
lurtluT Irom Table 7. Thus, when the dillerent strains exhibit the 
same variance in inbreeding ellect they niay be assumed to ha\e a 
similar degree of genetie homogeneity wilh regard to height. Although 
the absohile inbreeding elfect lound varies on the av erage belween the 
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different strains these differences have no significance, as thc interclass 
variance is in this case lower than the intraciass variancc (Table 7). 

In Table 8, whicb contains suminarizing analysis of variance of 
each strain separately, we find within each strain a statislically signi- 
ficant dei)ression in the /-families as coinpared wilh the Ä-fainilies, 
The variance belween families within groups is very significantly 
greater than the variance within families and it is thus proven that the 
/- and Å-malerials belong to diffcrent height populalions. 

On comparing the variability within /-families with that within 
/i-families in the same group il will have been seen already in Table 5 
that the variance is sometimes greater in the /-faniily and sometinies 
in the A-family. If the lotal (intra- and inter-family ) variance of the 
wliole /-material in a strain is coinpared with the total variance of the 


TABLE 7. Analysis of Variance of Inbreeding Effect in Height beiween 
Differeni Strains of Meadow Fesciie in 1929. 



Number I 
of 21 

groups 

' n, . /ij 

\ Inbreed- 
lling effect. 
/ 1 Mean, cm. 

2'd» 

D. F. 

Variance 

, Weibuirs selected 

4 ' 

87,0 

(5.7 

8858,53 

157 

58,24 

' Daelinfehlfs strain 

10 

98,6 

0,2 

2518‘),r.6 

489 

57,38 

j Weibuirs Mimer ... 

i 9 

102,1 

' 1 


423 

59,12 

' Svalöfs early strain 

10 

84,1 

7,8 1 

1774(5,02 

891 

45,39 ( 

Total within strains 

88 

321,8 

' 7,0 

7(13(H,f.o 1 

1410 

54,12 

' Hetween strains ... i 


- 


124,34 

,8 

41,45 

whole /v-malerial in 

the same 

strain 

it will bo 

folind that the relation 


is differeni in different strains. In WeibulTs selected the total varianci' 
is ahout eqiial in hotli cases, hut within the other strains the /-material 
shows a greater variance than the A-maltTial. The differencc*s are 
statislically estahlished, hence it can be shown that the variability 
within these strains is greater in the /-material than in the A-material. 
In all strains the total variance for the /-material is 118 , 7 :), and for the 
A-material 87, i7. The r of the differerice amounts to d.iote, while ils 
1 % limit in cliance variation alone in 544 and 984 1). F. does not go 
lurther than 0 ,(» 87 i). A significant difference can therefore be shown 
betweeii the /- and /v-material. 

The comhining ot the /-families within each strain furnishes a 
material, the total variation of which consists of a very high interfamily 
variance and an intralamily variance cerlainly inferior in coinparison. 
The dill(T(mtialion b<‘tween these families is therefore very well-defined. 
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TABLE 8. Sunwwrizintj Analysis of Variance of the Heighl of Meadow 

Fescue Material in 1929. 
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1‘amily variance in WeihulVs selected, WeihulVs Mimer and Svcilöf’s 
eariy is fnund lo be grealer in tlie i-niaterial than in the A'-niaterial, but 
tbe relation is the reverse in DnehnfeldVs strain. In none of these cases 
is the difference so great that tliere is any stalistical significance for 


TABLE 9. Summnririny Aiiidysis of Variance of the Whole Meadow 
Fescue Materiat with the Exception of Svedöfs late strain. 
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906 

58,70 
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26542 1 
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8847,35 

Total 


- 



79723 ' 
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87,70 

Faniilivi: afler isolalion. 1^ 

5:17 

1 :i:t 

_ 

96 




_ 

Within tam. within 
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29692 

504 

58,91 
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1419:i 

29 

489,41 

Total within strains ... 

— 




4:i885 
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82,:i4 

Between strains 

-- 

- 

-- 


18549 

:4 

6183,00 . 
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- 
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624:U 
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116,48 

K-aiulf- families ingroups 1 
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:u 
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_ 
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70174 

i:48i 

50,81 

Between fam. within f»r. 
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__ 
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1 2117:4 
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641, bl 

Total within j^roiips 





1 



1 within st. . 


1 



91847 

1411 

‘ 64,60 

' Between »>r. within sl 


j 
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21525 

29 

742,24 

Total within strams . 


1 




' 112872 

1143 

78,22 

Hetw'een strains 



- 


:!73((3 

.3 

12434„)3 I 

Total 


- 



1501 7:> 

1446 

' 103,80 


ils exislenci' Neitlier can anv posilivi* dilferenci' be shown by coni- 
bining (be strains. J hLs is (ln>refore a fnrfber jmxtf tliaf in this 
material llie difierenlialåm is noi grealer l»etween /-families llian bet- 
ween /v-lainilies. 'Fhe intralaniily xariance in WeibidVs selected and 
SoaldI s eariy is gn‘at(‘r in Ihe A-malerial, bul in the olher strains it is 
grealei in llu‘ /-material, althoiigli it is only possible lo denionstrate a 
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sigilificant difference in DaehnfeUlVs straiii. lii combining tlie material 
tlic inlrafamily variance of tlu* /-material is 58,^1, and of the /v-material 
46,72. r is equal to 0 ,it 28 , while its 1 % limit in cliance variation remains 
at 

1'inally, in Tai>le 9 it will be seen tliat tbe variation betwe(‘n the 
strains is not grealer in the /-material t han in the /\ -material. On 
the conlrary, it is greater in the A'-niaterial, although this eannot be 
proved witli statistieal significance. At the end ol Table 9 the eiitire 
material has been combined into groups. Irom which it vvill be seen 
that the differentiation between the groups within all the strains is 
verv great and ol llu‘ same size order as between the lamilies within 
the groups. This ditlerentiation between the grou|)s is lound in each 
slrain separately, although the values ol variance are published only 
for the entire material combined. Hiat the dilterentiation between 
the groups is due to the iniluence ol the mother plants is pnwed by 
the correlation between mean heights ol /- and A-lamilies in the same 
group. The strength ol this correlation has not been numericall> 
determined biit that il is considerable ma> be inlerred irom the variance 
values ol Tables 6 and 8. 11 then* were no correlation between mean 

heights of I and K in the same gnuip the interclass variance ot in- 
breeding (‘llect (A-height /-lieight) would be approximateh ecjual to 
the sum ot interlamily \ariances in / and A. Now* the interclass 
variance ot inbre(‘ding eflt‘ct is considerabh lower tlian tlus sum, w hich 
proves the existence ol a correlation between /- and A-tainilies troni tlie 
same motlier ])lant, Furtlier. it will lu* tound lliat ther(* is a \er\ great 
variation between tln* strains. as compari‘d with llu* \ariation tound 
wdthin the strains. Tliis lias aln*ad\ appi‘ared Irom the means ol the 
individual strains given in Fabb* 8. bul tull assuranct* is ac(|uirt‘d hen» 
that the strains as r(‘preseuled in this inat(‘rial are (juile ditterent as 
regards heighl. 

If WH‘ th(‘n proceed to investigate whether Ihere is anv correlation 
between the absolutt» inhreeding etiect oliserved and tlie variation 
within the /-lamilies, il sliould ptThaps lirst lie called to mind that 
between the diflerent strains then* are no sure difltavnces in tlu* dt‘- 
termined inl)reeding etiect (cp. page 21). and tlierelore it mav bi» 
permissible to calculale a correlation tor the entire material at once. 
Between the inhreeding ellect and the variance within the /-lamih is 
found a slight positive correlaticm, r— + (), 245 (», which has no great 
statistieal signilicance, biit can be altained in aboiit 15 cases out ol 109 
by chance. 
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Aftcr computing tlie regression we now find that the variation 
in inbreeding effect between different groups in the enlire meadow 
fescue material can be analyzed in the following manner: 




D. F. 

Variance 

Total interclass 

, 7117,35 

33 

215,68 

Begression upon variance in /, . . 

441,36 

1 

441,36 

Reinaining interclass 

6675,99 

32 

208,62 

Intraclass 

. 72005,05 

1412 

51,00 


That part of the tolal variance in inbreeding effect whicli is 
eorrelated with the variance in the /,-faniilies is therefore considerably 
greater Ihan llie reinaining inlerclass variance, but the difference is not 
stalistically significant, since r is only 0,3747, whoreas by chance it 
reaches a value of aboul 0,7i once in 20 cases. Between the remaining 
intcTclass and tlie intraclass variance there is a significant difference. 

c) HRVIEW OF THE HESULTS. 

Fertility, 

The seed setting on isolation is generally low, varying l)elw(»en 0 
and % in tlie planis, where exaet counts were made. The dif- 
ferences between the plaiits are significant and cannot be diie only to 
chance variation. 

Tliere is also a greal variation in setnl setting on open floweriiig, 
\alues between 18,7 and 84, t % heing obtained in the above inentioned 
plants. 

There is a positive correlation lielween the percentage seed setting 
on isolation and on fnH' flowering, although because of the small nuni' 
her ot plants the coetficient is not verv significant. 

The matheniatical analysis has shown, liowever, that there is a 
considerahle ^ariation in isolation-tertility independent of the variation 
in general terlility, as rneasured by the percentage of seed setting on 
open flowering. 

Inbreeding effeets. 

Ehiorophyll-defieient se(‘dlings are rather eommon. They are of 
dillerent types such as wdiite, yellow, ycdlowdsh green and striated, in- 
dicating several difterent genetical faetors. The mmihers have been too 
small, however, to pennit any faclorial analysis. 

(.oncerning several charaeters wiiich were not made subjeets of 
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definite measureineuts a groal variation was noted in the inbred mater- 
ial, greater Ihan in the progenies atler Iree Ilowering. 

In 21 oiit of ,*14 investigated cases a signifieanl clecrease in height 
was observed as a resiilt ot inbreeding. In 11 otlier cases tlie docrease 
was not stalisHcally signilicant. In Iwo cases an insignUicant increase 
in height was obser\ed. 

The inbreeding eilect in height was dillerenl attcr dilferent molher 
plaiils, these dilltTences being slatisficalh signilicanl. 

There were no signilicanl dillerences belween tlie a\ erage in- 
breeding el leds in height ol Ihe lour coininercial slrains in\estigated. 
Nor were there an\ dilhTences belween Ihese slrains as regards tlie 
variability in inbreeding (died aiter dillerenl molher plants. 

In Ihree ot Ihe slrains Ihe \ariabilily in height in the inbred la- 
milies was signilicanlly greater than in the corresponding A'-laniilies. 
In the loiirth slrain no signilicant <lilierence was observed in this 
resped. 

The niean heights ol the progenies ol ilillerent molher plants were 
widely and signilicanlh dillerenl. Hiis holds triie lor llie A’-material 
as well as lor the /-material and no dilterence could be demonslrated 
betw^een the tw^o groups ol material as regards the degree ol dillerentia- 
lion belween dillerenl progenies, 

11 the K- and /-progeiiu*s Iroin Ihe same molher plant are com- 
liined inlo groups these groups lorm well del ined and dillerenl height 
liopulalions. Idiis indicates tliat tlie genelieal conslitiition ol the molher 
plant greally iniluences the K- as well as the /-progen\. This inlluence 
is lurther proved bv the existence ol a marked correlation lietw^een the 
mean heights ol /- aii<i A-taniilies in thc' same group. 

There is a ralher uncerlain positi\e correlation belween the degree 
ol inbreeding eilect and the degree ol variabilitv in the /-lamilies. 

2 DACTYLIS GLOMERATA L., COCKSFOOT. 
a) fi:rtility. 

Isolations ol cocksloot were made at the same lime and b\ the 
same method as in ineadow lescue. No exad coiints were made ol 
the degree of lerlilitv. The seed sdting could, however, be estimated 
to some degree, partly in threshing the isolations and parlly by the 
number ol seedlings appeariug alter sowing in 1927. From these 
observations the variation in > sell-fertility > appeared to be still greater in 
cocksloot than in meadow lescue. No progenies were obtained Irom 
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a great number of isolations, while iii others more Ihan 500 seeds 
could b€‘ liarvested. Tbe variability seems to embrace complete sterility 
with every type of transition to almost complete self-fertility, Which 
accords well with the resiilts Sylvén (1929) and Stapledon (1931) 
obtained on a very large material. 

b) THE EFFECT OF SELF-FERTILIZATION ON THE PHOGENY. 

As a typical effecl of iiibreeding a large number of chlorophyll 
variants appeared already in the seedling stage. These recessive 
segregating produets occurred mosl commonly in the strains Tardus 
and Minerna II. TIius, tlu‘r<‘ appeared pure albino, yellow, yellowish 
green and striated types, tlie first Iwo types of course being unable to 
survivc the seedling slage while the others showed rather good vigour 
and in the course of the summer assumed an almost entirely green 
colour, making them hardly distinguishable from normally green indi- 
vidiials. llesides singie specimens of such chlorophyll-dericient variants 
in most families large mimbers were also observed in some families. 
Hie figures obtained in three Tardus families and two Minerna II were 
as follows: 

Albiiio Yellow Green Total 


Tardus 12 21 185 218 

» 3 40 43 

>' - 10 82 92 

Minerna II 10 5 922 943 

> 4 ~ 95 99 


These figures show that se\eral faetors, nuiltiple and possibly even 
homonieric, are evidently aetive in the normal developinent of chloro- 
phyll. Even in this case the observations made are fully in agreement 
with the resulls obtained by Stapledon (1931). 

As lor other eharaeters a greater variation has been noted in /- 
material Ihan in A'-material coneerning tillering, length and breadth of 
leaves, hnglh and form of panicle and height of plant, which latter 
characier was closely analysed. With regard to tillering, extreme types 
ha ve been mel with, which only shool one or iwo fertile straws in 
olherwise vige^rous tiissocks. These plants prove themselves, besides, 
to be low and mosl tn^cpiently consist of most extreme minus variants 
in height. Such types were observed in every slrain, sometimes in /- 
families, sometimes in A-families, which shows that even after free 
Ilowering a segregation of extremes takes placi», eiiher due lo a certain 
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self-ferlilizatiGii ov as a result of a cross between piants Uiat are hetero- 
zygoiis in Ihe same factor or faclors. 

Panicle, 

The form and size ol‘ the panicle is ol’ great imporlance in tlie 
practical seed-grow ing of eocksfoot grass, and therefore great atlention 
has been devoled lo Ihis ilt‘m in these invesfigations. The slrains 
Tardus and UlS, the latler raised from Tnrdm, differ qiiile considerably 
from Ihe otber slrains in Iheir special lype of panicle. It is soniewbal 
compressed, sbort and plumpy wilh short panicle branches, which 
forms the ])anicle inlo a chnupy agglomerate. In such an agglomerate 
fertilization is probably hampered and it may also hinder the develop- 
inent of the seeds. f^xperience of experimc^nls as well as seed growing 
on a large scale wilh Tardus shows thal this strain always produces a 
low yield of seeds and the seeds are also poorly developed. Strain 
is more extreme in this respect and is therefore a dead loss in seed 
growing. The se(‘ds never acquire the charaeteristie tint of cocksfoot 
when ripe, biil remain green and their power of germination does not 
reach liigher than 50 %, In the progenies of both Tardus and 4/.V 
afler isolation Ihere oceur quile commonly still mon» extreme, knotted 
types, which in a great niimber of cases show tliemselves lo be quile 
sterile. Tliis phenomenon of inbreeding must be regarded as a 
segregation of recessive forms which are eliminated in the next gene- 
ration, as they are not capable of producing progeny, or al least only 
a very few. Flie abnormal development of the floral parts, at least 
externally ralhta* similar lo Irue vivipary. which in rainy siimmers is 
not uncommon in cocksfoot grass, \ery frecjuently occiirred in this type, 
j)robably on accounl of Iheir capacily in rainy wealher lo retain the 
iuoisture wilhin llie panicies lo a grealer extent than sparsely panicled 
forms. 

tlcUjht. 

The charaeter Ihal has been most exlensively analysed in the cocks- 
foot material is. however, the height. Measuremeiits were made during 
the flowering period in 1929, when the planis were two years oid and 
might be considered to have reached full development. As in meadow 
fescuc measurements were made parallelly on families afler isolation 
and after free flowering. In Table 10 will be foimd the mean heighls 
of each faniily, along with the niimber of piants and the variances in 
the different families. Exaniining Ihe material in ils eiitirely it will be 
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TABLE 10. Analysis of Variance of the Height of Inbreeding Material 

in Cocksfoot in 1929. 
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» 

» 

30 

13 

108 

80 

55,76 

104,08 

100 

237,76 

69,90 

7120,00 

' 4 

( 29 
l 30 

)) 

» 

)) 

A 

1. 

27 

5 

114 

93 

105,69 

546,00 

111 

219,10 

164,40 

1863,00 

5 

t 32 

» 

» 

)) 

)) 

A 

'å 

/. 

29 

28 

114 

112 

150,54 

105,89 

113 

127,34 

128,62 

57,00 

6 

J 39 
t 40 

» 

)) 

» 

» 

29 

23 

122 

97 

108,06 

353,27 

111 

369,41 

216,46 

8017,00 

7 

1 

l 42 

)> 

)> 

» 

A 

’a 

i 

7. 

30 

16 

109 

94 

91.86 

90.87 

104 

141,71 

91,52 

2350,00 

8 

1 43 
1 44 

» 

)) 

» 

» 

29 

5 

117 

101 

104,0» 

29,50 

115 

125,06 

94,72 

1096,00 

9 

I 45 
46 

)) 

» 

» 

» 

29 

6 

|117 

103 

10.3,46 

14,80 

114 

116,41 

90,03 

987,00 

10 

1 65 
l 66 

Minerva II cocksfoot, 

)> )) » 

I. 

29 

13 

1 114 

93 

54,29 

97,92 

107 

162,54 

67,38 3969,00 

11 

74 
l 75 

» 

» 

» » 

)) » 

A 

/, 

28 

10 

105 

1 86 

37,19 

196,44 

100 

146,84 

77,03 

2660,00 

12 

77 

1 78 

» 

» 

» » 

» )) 

7? 

7, 

30 

29 

' 110 
! 99 

79,21 

61,91 

105 

100,43 

70,72 

1794,00 

1 

13 

( 84 

1 85 

» 

» 

» » 

» » 

A 

I , 

29 

8 

122 

121 

53,06 

155,57 

122 

72,44 

74,29 

8,00 

14 

( 

87i 

» 

» 

» » 

» )) 

A 

h 

29 

28 

1 120 
' 106 

63,64 

129,85 

113 

t 

144,30 

1 

96,15 

2793,00 

15 

[3023 

241 

Tardiis cocksfoot 
» )) 

A 

7. 

25 

6 

118 

123 

146,17 

34,7, 

119 

126, 7J 

1 26,93 

121,00 

16 

I 25 
\ 26' 

» 

» 

» 

» 

A 

7. 

27 

29 

127 

129 

164,00 

105,57! 

128 

132,2»j 

133,70 

56,00 

17 1 

/ 27 

1 

» 

» 

» 

,, 

7^ 

A ' 

27 

22 

128 

127 

109,21, 

105,57' 

128 

105,111 

107,60 

22,00 

18 

f 29 

» 

» 

» 

» 

f' 

26 

28 

121 

113 

71,24 

100,15 

117 

100,92 

86,25 

864,00 

1 

19 

j 3l| 
32 

» 

» 

» 

» 

7, 

29 

27 

123 

120 

115,14 

259,90 

122 

188,75 

184,87 

110,00 

20 

f 34l 
1 3) 

» 

» 

» 

» 

7^ 

7. 

28 

6 

116 

90 

81,67 

339,80 

112 

219,88 

122.00 

3352,00 

21 

[ 37i 
l 38 

» 

» 

» 

)> 1 

A 

!f 

7. 

29 

14 

102 

98 

128,54, 
1 50,381 

100 

136,33 

135,46 

172,00 

22 

( 39 
l 40 

» 

» 

:: 1 

29 

29 

131 

127 

59,61 

138,18 

129 

101,23 

98,89 

232,00 

23 

f 411 

l 9\ 

» 

» 

)> 

» 

/f 

7, 

29 

27 

119 

111 

143,82, 

330,731 

116 

246,58 

233,81 

936,00 

24 

1 441 
l 45 

» 

» 

» 

» 

7^ 

/. 

26 

5 

1201 

1091 

82,841 

273,25! 

118 

122,43 

109,10 

509,00 
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a 

U 

O 

Field 

d 

Basic populatioii 

liibreeding 

generation 

Number of 
plants 

Meaii height 
cm 

\ ariance 

Group 
a\ erage 

> 

\ 1 

1 

ec 

Ui 

flj 

> 

Var p 

25 1 

[3223 

1 24 

Strnin 

» 

413, 

)) 

I, 

» 

K 

1, 

28 

26 

1 

1 119 
100 

99,78 

106,28 

1 

109 

1 

193,53* 

1 

102,90 

4906,00 

1 26 1 

( 

1 

28 

29 

» 

» 

» 

» 

» 

A 

1* 

i* 

1. 

28 

12 

120 

102 

173,37 

361,82 

115 

292,05 

227,95, 

2728,00 

1 27 || 

( 

l 

30 

31 

>) 

)) 

» 

» 

» 

» 

26 

16 

112 

108 

157,96 
97,9 { 

1 110 

136,24 

13«.),4 > 

168,00 

' 

1 

1 

32 

33 

» 

» 

» 

» 

» 

13 

8 

1 114 
85 

1 68,16 
1 95,14 

103 

282,45 

78,11 

4165,00 

1 29 |< 

( 

l 

35 

36 

»> 

)) 

)) 

») 

» 

28 

20 

120 

104 

1 39,04 
' 345,37 

113 

225,70 

165,57 

2992,00 

30 < 

( 

l 

39 

40 

1 

» 

» 

» 

A* 

1. 

27 

4 

120 

84 

45,00 
1 114,00 

115 

201,01 

52,14* 

4519,00 

31 

( 

41 

42 

w 

1 

» 

» 

» 

)) 

A^ 

1 

25 

12 

l(i7 

69 

115,87 

114,91 

95 

437,6‘> 

1 15, >7 

11712,00 

32 

1 

43 

41 

1 » 

» 

» 

» 

» 

» 

A 

I. 

29 

13 

117 

112 

132,57 
1 141,92 

115 

138,0) 

136,28 

233,00 

33 

( 

45 

16 

» 

)> 

» 

» 

» 

»> 

li 

i 

•i 

1* 

h 

21 

9 

116 

88 

' 102,61 
22,63 

108 

239,91 

81,97 

5136,00 

1 

1 

47 

18 

» 

» 

)> 

23 

5 

109 

8o 1 321 ,50 

287,85 

1 66,04 

1 3455,00* 

35 1 

1 

51 

52 

» 

1 » 

» 

)) 

» 

» 

29 

7 

lt)2 

84 

114,42 

141,17 

99 

168,71 

119,08 

1836,00 

36 1 

|3339 
l 40 

stram 

» 

153, 

» 

/. 

29 

9 

131 

121 

iro 128 

169,h8 

119,43 

103,25 

702,00 

37 , 

1 

43 

44 

»k 

1 ») 

» 

)) 

» 

n 

a’ 

/, 

29 

27 

125 

128 

119,82 i 
169,^2 ^20 

143,82 

143,94 

j 137,00 

38 1 

i 

15 

46 

)) 

)) 

» 

» 

» 

») 

•f 

i; 

/, 

28 

19 

124 

122 

99, .t 
72,8 s 

; 123 

87,98 

88,89 

1 47,00 

39 


47 

48 

» 

» 

» 

» 

») 

» 

28 

29 

134 

139 

136 

114,8b 

112,73 

108,00 

1 373,00 

40 

{ 

49 

50 

1 » 

1 )) 

» 

» 

» 

)) 

a' 

/. 

K 

I, 

24 

29 

141 

142 

192, (u j,., 
69,18 

122,65 

124,.9 

1 

24,00 

41 j 

j 

51 

52 

» 

11 )) 

}) 

» 

}) 

)) 

28 

15 

144 

136 

^1*1 141 

b8,o7 

70,67 

57,10 

j 

627,00 


{ 

55 

56 

il » 

i » 

» 

» 

» 

)) 

ll 

I, 

25 

5 

123 

130 

1 92,88 i 1 
1.33.00 

262,45 

25t),46 

430,00 

43, 

1 

59' » 

60 0 

)) 

» 

)) 

» 

A’ 

h 

27 

29 

131 

132 

100,58 

113,71 

121,24 

122,94 

29,00 


seen that so-calk*d inbreeding eifecl has oceurred in inost ot tlie f?roups. 
I. e, Ihe /-lainilies dilter Irom the A"-lainilies in This ellect 

however, varies ven inuch in llie ditlerent groups and in the dilterent 
strains. Cdancing at the last two coluinns in Tahle 10, showing the 
intralamily and intertainily variances ol the separate j^roiips, it will he 
seen that the intertainily variance is in {»eneral greater Ihan the 
corresponding inträt amily variance, even il the ditferences are not al- 
ways so great that they can be shovvn to he signiticant. 
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On examining the indivldual strainx il will appear that in Skcmdia 
fliere are 8 groups in wliich the interfainily variance is statistically 
grealor Ihaii the intrafamily variance. The probability in each separate 
inslance that a rcal difierence is present is niore than 99 : 1. Hence, 
it can be considered established that inbreeding in these groups has 
broiighl about a depression in height, as coinpared with the progeny 
after free Ilowering. In (Iroup nuniber 5 the ineaiis also show a rediic- 
lion in height in the inbred laniily, but here the difierence in height 
lias no statistical signilieance. 

All the tive groups in Minerva II also exliibit an inbreeding effeet, 
which in loiir oi thein ean be shown not to have arisen from chance 
^ariation alone. In the titth group (No. 13) the ditlerence in height 
has no signiiicanee. 

Tardiis dii t ers Ironi Skaiuiin and Minenm II in that the different 
groups exhiliii a verv varying inbreeding eliect. Only in 4 of the 10 
groups, nainely 18, 20, 23 and 24, is il possible to ascertain a depression 
with anv degree ot certainty. The others evhibit no significanl dif- 
ierences in height, in iacl the greatest height is iiresent in the inbred 
tainilies oi two ot the groups. Strain 413 shows a depression in all the 
11 groups, statisticallv signiiicaiit in nine oi them, wiiile Strain 453 
gives a depression in 3 groups and a luxuriation in 5. The luxuriation 
cannot, how’e\er, in any oi the cases be shown not to ha\e arisen i rom 
chance variation, although the ditterences in both groups are ralher 
great. The depression on the olher hand is signiiieant in two cases 
(Nos. 30 and 41 ) 

1 he resull ol this analysis thus shows that Ihe inbreeding eliect 
is not so universal as might be assuined and as the comlnned material 
woiild indjcate. A signiiieant inbreeding eliect can he shown in only 
27 ol the 43 groups exa mined. 

'rims, the inhr(‘ediiig eliect varies in the progeiiies of dilferent 
mother plants wliich is lurlher borne out by Table 11, in which is 
gi\en a summarv ot Ihe intraclass and interclass variances oi the in- 
hreeding etiect in each sirain separately. The interclass variance is 
geiierallv greal(*r and the ditterences are so great that they cannot be 
assumed lo have been brought about by ctiance variation alone. 11 is 
also clear irom Table 1 1 that the individual strains do not exhibit the 
same variance ot inbreeding eliect as was the case in meadow fescue, 
but thev show inst(*ad great diversity in the variances. lliis indicates 
thereiore that the various strains, as here represenled, really have 
different degrees oi genelic tiomogeiieity. That they also differ in 
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average inbrccding eflect is sliown by Table 12. The mean inbrecding 
effects of the iiidividiial slraiiis are widely different and Ihe inter-strain 
variance is significantly larger than the variance within the strains. 
It can therefore be considered very prol)able that tlie strains examined 
here differ wilh respecl lo inbreeding effect. Minerva II dilTers from 

TABLK! 11. Analysis of Variance of Inbreeding Effect in Height within 
the Varians Strfiins of Cocksfoot. 


Intraclass Interclass 




I). F. 1 

Variance 

1 1 

2’cl- ' 

D. F. 

1 

’ Variance 1 

1 1 

Skandia ^ 

* 41250,00 i 

! 350 

117,86 1 

5371,40 


671,43 1 

Minerva II l 

1 17387,00 ' 

223 

77,97 

1809,öo 

4 

! 452,:, 0 

Tardus 

61212,00 i 

i 448 

136,(>:j i 

4005,84 

9 1 

1 445,09 1 

Strain 413 

.'>04(>6,oo 

390 

129,40 1 

9464,93 

10 1 

946,59 i 

Strain 453 i 

43943,00 

364 

120,7.-i 

2119,88 i 

7 ! 

i 302,84 


the olher strains in having a lower variation, which does nol seem 
possible eillier to })e due to any incidental oircumslance. 

In Table 13 the /- and Ihe A-families have again been combined 
separalely vvifhin eaeh strain, whereby it is ascerlained that the fainilies 

TABLE 12. Analysis of Variance of Inbreeding Effect in Height 
beiween Different Strains of Cocksfoot. 


1 

1 

1 

' 1 

Number 

of 

groups 

J \ 

1“U.4 »J 

I Inbreed- 
ing effect 
Average 
cm. 

! 

D. F. 

Variance 

1 

Skandia | 

9 

71,9 

. 17,0 

46621,40 

358 

130,2j 

Minerva 11 , 

9 

51,6 

i:v> 1 

19196,00 

227 

84,57 , 

Tardus 

10 

105,(, 

4, G 1 

65217,84 

457 

142,71 

Strain 413 ^ 

11 

83,3 

19,r. 

59930,93 

400 

149,83 

Strain 4.)3 i 

8 

87.:, 

-0,7 

16064,88 

371 

' 124,16 

Total within strains 

43 

401,9 

1 10,0 

237031,95 

1813 

130,-1 i 

1 Beiween strains | 

_ 

- 

1 

21950,70 

4 1 

6237,0» 


are differentiated in both the /-material and tlie A-niaterial, since in 
both cases the variation beiween the fainilies is considerably greater 
than within them, and the dilferences exceed tlie limits of chance 
variation. 

Then, comparing the variahilily in the /-material, on the one hand, 
and in the Ä'-material, on the olher, it will be seen from Table 14 that 


Ueredtta» X/X. 
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TABLE 13. Summarizing Analysis of Variance of the Height in 

Cocksfoot Material. 



> 

W 

P 

JS 

^umber 

s ! g- 

s • 2 

« ! ki 

o. ' 

" 

Mcaii 

height 

cm. 


D. F. 

Variance 

Skandia 


1 






Aftcr jrce flowerinjJ. K 

257 

9 I 


110 

- 


— 

Williin families 





24875 

248 

100„30 

Between » 


— , 


1 

6762 

8 

845,25 

Total 


I 

— 


31637 

256 

123,58 

Aflcr isolation. 1^ 

111 

9 ' 


99 ! 


— 



Witliin families 


— 1 


- 

16375 

102 

160.54 

lietwcon » 

- 

— ' 

— 


10468 

8 

1308,50 

Total 


1 

1 



26843 

110 

244,03 

Mincrva II 


1 

1 






Afler frce flowerinj^. K 

145 

5 ' 


114 

- 

— 

— 

Wiliiin families 

— 

i 


-- 

8114 

140 

57,96 

Between » 

__ 

j 

- 

- 

5648 

4 

1412,00 , 

Total 

— 




13762 

144 

95,57 

After isolation. /. 

88 

5 ' 



102 

— 

_ 

1 

Within families 

- 

- 1 

— 


9273 

83 

111,7S 1 

Between » 



-- 


7210 

4 

1802,50 1 

Total 





16483 

87 

189,16 1 

Tardiis 


1 





1 

After free llowerinf^. K 

275 

10 . 

— 

, 120 

— 


— 1 

Within families 

— i 

- 

— 

1 

29188 

265 

110,14 1 

Between » 




1 

14848 

, 9 

1049,78 1 

Total 

- 


__ 

1 „ 

44030 

274 

160,72 

1 After isolation. 

11)3 

10 ; 


118 




__ 1 

1 Within families 

1 — 

1 

- 


32024 

183 

174,99 

j Between » 


— 1 

- 

1 

20(530 

. 9 

2292,22 

! Total 

1 - 

! 1 

— 


52651 

' 192 

274,24 1 

1 Strain )IX 

i 

1 






After free tlowering. K 

280 

1 11 1 

— 

115 


- 

- 

Within families 

1 

1 

[ — 


29451 

, 269 

, 109,49 

Between » 

1 

1 1 


— 

9434 

10 

1 943,40 

1 Total 

i 


— 

. 

38888 

, 279 

' 139,38 

1 After isolation. / 

i 132 

i 



' 90 

1 

- 

. _ 

1 Within families 



- 

1 

21012 

121 

' 1 73,65 

1 Between d 

- 

! - ; 

— 

— 

20241 

' 10 

2021,10 

Total 

! 

1 


- 

1 

41253 

1 131 

, 314,91 

1 Strain 

1 



1 

1 

1 

1 

1 

1 After free flowerin^. /v i 218 

1 8 

— 

1 132 



1 

1 Within families 

— 

1 

1 

— 

1 — 

24178 

210 

j 115,13 

j Between » 

- 


- 

1 

11382 

7 

! 1626,00 

1 Total 

1 

i - 

- 

1 — 

1 35560 

217 

1 163,87 
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Numbe 

” i' ^ 

(C <u 

a ! := 

JS £ 

Cu 1 rt 
u. 

1 

l* < 

! Mean 

a 1 height 

0 1 em. 

u 


1). F. 

I 

1 

Variance} 

1 

1 

1 

After isolation. /., 

Within families” 

Between » 

1()2 « 

1 -- 

1 ~~ 

19767 

7872 

154 

7 

1 128,3» 

1121, ..T i 

Total 

1 

1 

27639 

161 

171,67 


the tolal variaiic(‘ of llu* 7 -material is considerably ^reatcr Ihan Ihat of 
tlie A"-material, there beiiif^^ stalistical cerlainiy for Ihe existence of this 
difference. On aiialysiiig the variation within the /- and A-material 
it will be foiind Ihat both intra-family and inler-family variance is greater 
in the inbred material. 'Fhe intrafamily variances are 153,ii and 102,3) 
respectively. r is 0,2010 and its l % limit in chancc \ariation alone is 
not inore tlian 0 ,(»ho:). The inter-family varianc(‘S are 1747,92 and 1265 , 11 
respectively. Tlie difference between Ihem, however, is not great enough 
for any significance to be assigned to it. Thus, it is only the intra- 
family varianc(‘ Ihat is significautly grealer in the /-material than in 
the A-material, which imj)lies t hat the ditferentialion between the 
plants is greater in the /-tamilies. With the exception of straiii 45,7, 
all strains are alike and show^ individually the same difference in Ihe 
intrafamily variance of tlie /- and A-families as that showii by the 
material in ils eiitirely, hut no significant difference can be shown 
between the inlerfamily variances. Strain 4.3,7 dillers from the other 
strains in llial no differences can be ascerlained in either the intra- 
family or inlerfamily varianetvs, the differences in this case being wdthin 
the limits of chance variation (Table 13). 

As in meadow fesene, a wide differeiiliation can thus be shown 
in cocksfoot bt^twuHUi the families even afliT free flowering. In the 
material examined it cannot be proved Ihat the differentiation in height 
should be greater between /-families than between eorresponding A- 
families, even if the dilference foiind in degree of dilferentiation is 
suggestive (Table 14). 

As is shown in Table 14 the groups are well defined, the inlergroup 
variance being here as in meadow fescue of about the same size as the 
inlerfamily variance within the groups. The existence of a rather 
marked correlation bet\veen mean height of /- and A-families of the 
same group is proved in the same manner as in meadow fescue, vi/, by 
a coinparison of the interclass variance of the inbreeding effeet and llu‘ 
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sum of interfamily variances in /- and Ä-material. Thus, even in 
cocksfoot it is proved that I- and Ä-family pairs from the same mother 
plant form well defined height populations. 


TABLE 14. Siimmnrizing Analysis of Variance of the Height in the 
ivhole Cocksfoot Material, 



Plants 

'Jumber 

1 i s. 

1 i i 
£ 1 « 

Menn 

height 

cm. 

la» 

1). F. 

Variance 

All strains 

Families afler free flower- 
inq, K 

1175 

43 


119 




Within fara. within 
strains 



_ 


115809 

1132 

102,» 

Between fani. within 
strains 

_ 

_ 



48074 

38 

1265,11 

Total within strains... 




__ 

_ 

163883 

1170 

140,07 

Between strains 




— 

47535 

4 

11883,70 

Total 

_ 



— 

211418 

1174 

180,08 

Families afler isolation. 

and 

Within tam. within 
strains 

686 

43 


112 









98451 

643 

153,11 

Between farn. within ' 
strains 

- 



_ 

1 

66421 

38 

i 1747,m 

Total within .strains... 

-- 



- 

- 

161872 

1 681 

242,10 

Between .strains 

- 

__ 

— 

j 

139741 

i 4 

34935,25 

Total 



— 

j 

304(il3 

1 685 

444,09 

K- and l-families in yroiips 

1861 

86 

43 

1 117 

— 

— 

— 

Within fani. within gr. 

within st. 




1 

214260 

i 1775 

1 

120,71 

Between fani. within gr. 

within st. 

i 



1 

1 - 



87837 

1 « 

2042,72 

Total within gr. within 
st 

■■ 

1 



302097 

1818 

166,17 

j Between groups within 

1 strains 




i 

_ 

91314 

38 

2403,00 

1 Total within strains... 




1 



393411 

1856 

1 211,«7 

, Between strains 


- 

1 — 

- 

144240 

4 

'36060,oo 

i Total 

- 

— 

1 

\ 

537651 

1860 

1 289, o& 


A very great variation in mean height occurs between tlie strains, 
which, as shown by Talde 14, seems to be considerably greater than 
the variation within the strains. It cun also be shown with statistical 
significance that this is the case, hence each strain may be considered 
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to form a separale height populalion. The same thing can bc shown 
wilhin both Ihe /- and the K-material. (".omparing Ihe variances 
belweeii the strains in the cntire /-material, oii tlie one hand, and in the 
entire A'-material, on the other hand, it woiild appear as if the dif- 
ferentiation after isolation was greater than tliat alter free flowering, 
but no positive proof of this can be obtained with this nnmber of I). F. 
There is an indication, however, that this is the case (Table 14). 

If we now examine whether there is any correlation between Ihe 
inbreeding effeet and the variance in the /-families we obtain ihe follow- 
ing correlations: 


St ra in Niimbcr of Pairs r 

Skandul 9 + 0,2782 

Minenut JJ 5 - 0,oi33 

Tardm 10 i- 0,(i82o 

Al 3 11 — 0, i 3 h :» 

45»V 8 - 0,:>o8C 


Although none of th<‘se coefficients of correlation. except tluit for 
Tardm, with a pr(»babilily of 90 : 10, are of any statistical significance 
individually and thus no correlation can be proved to exist between the 
inbreeding effeet and the variance in the /-families wilhin the different 
strains, it is neverlh(‘less interesling lo observe that Skandia and Tardus 
give positive correlations wliile the others give negative. As already 
mentioned, Skandia and Tardus iiave been least subjeeted lo previous 
inbreeding and form a group by themselves, as compared with the 
other strains, which must be considen^d to belong to a later inbreeding 
generation. It now appears as if this should liave an influence on the 
correlation between the inbreeding effeet and the variance in the /- 
families. As these two groups may be separated biologically from one 
anolher it may be proper to investigale the correlation within each group 
separately. The first point to be discerned is that there is no significant 
difference between lh(i correlations in Skandia and Tardtis and it will 
therefore be deemed permissable to compute an average correlation for 
these strains. The coefficienl of correlation then obtained lor this group 
is r = n 0,5229, which is fairly significant, and so il niight be mainlained 
that a positive correlation really cxisls. The probability at any rate that 
this is the case is 95 to 5. Even within the other group no significant 
difference is found between the correlations of the various strains, hence 
an average correlation has also been computed for this group. This 



38 


FREDRIK NILSSON 


00 <ie 9 V<>feCOK 9 i-‘ 


coo>uiic>-^wCOOo^ia>v<>(>MO(o 

inr- >1> >1> >5> >: 


ICCO 


a> 4> 


I 


I I 


I I i I I 


I I 
I I 


-I ' 
I I I 
I I I 


I I I 

“* I M I 1 — 1 — I Ml-* 
I I I i I - I -Mh-M I 1 

I W lO ICIO ^ 

-* to 4-1 W 0> ICIC 

4-i I tOC4»CJtlOOo| 4-* 

Oi — ^ 03 IC CC to bO 00 OC C»» lO CO 

o: to lO ^ to 03 CO 00 lO ^1 00 


•^t c;i lo tu CO oi oi lo o 03 c-’ CO *-*1 00 

C003t0| CC4-iO«OC4-4-*l i I »i-^ 


03 1 l 

I I I 


o -1 ► 


M| I - 


i I I I I I - 1 I I I II I 


I I 


*'52 - bO r* ^5 

CO C)< 0( 00 CO 4- o 00 CO 00 »*4 CO 


to 

CO CO 


O3COCON5C0.^4*4*COCOl>5ts0tsPtOlOC0 
t> 0 *-^OC 0 03 4 -*t 0 »— ‘COt^-lOrf-OOC;^*— 


Group No. 


Family No. 

Inbiceding 

generation 


0 

1 
© 
c>< 


0( 

I 


© 

I 


X 

o 

3 

0“ 


CL 

O 


n 

a 


oa 

o* 


n 


Total 

Mean height 


TABLE 15. Height Distribution in Variom Families of Strain i53 



STUDIES IN FERTILITY AND INBREEDING 39 

amounts to r — 0,3K:r2 with ahoul tho same ratio of prohahilify of the 
existence of a correlation as iu Ihe first {^roup. If the correlatioiis 
witliin tlicse groups of strams, Ihat is, in /j-material and / 2 >material, are 
then compared it will be foiind that the correlatioiis are so divcrgent 
that tlie groups are quite differentiated from one anolher. The dif- 
ference of the vallies of z amounts lo with a standard error of 

0,3789, and therefore there is a considerable probability that the in- 
breeding effect and variance of / are correlated differenlly in the two 
groups. 

In order to illustrate the variation in the progenies of molher plants 
with and without any inbreeding effect the nuinber of variants within 
the differenl height elasses of each individual fainily oi strain AC)3 has 
been tabulat ed in Table 15. 

c) REVIEW OF THE RESI LTS. 

Feriilitij, 

Great variation between differenl plants was observed in the 
degree of seed selling on isolation hut exact counls were not made. 

Inbreediiuj effects. 

Glilorophyll-d<Ti(ienl seedlings of tlu» same types as in meadow 
fescue were obtain(*d. In some cases the numbers were sufficiently 
large to warrant the conclusion that the segregation is not a inono- 
factorial one, 

A great variation was noted in several cliaraeters in I as well as 
in K families. Although exact measurements were not made it was 
stated that in several cases tlie variation was greater in I ihan in K 
families. Especially concerning lillering, length and breadth ol leaves. 
and length and type ot panicle the variation was obser\ed to be verv 
great. An extreme, sterile tussock type, giving no straws with panicles, 
was observed both in / and K families. 

The strains Tardiis and No. A13, the latter derived fn)m Tardiis, 
are characterized by a verv shorl, clumpy panicle, from which quite 
normal seeds never develop, the seeds obtained being small, green 
and with low germination capacily. After isolation more extreme, 
contracted panicle lypes occur with very low degree of fertility. In 
Ihe rainy autumn of the year 1927 an observation was made on the 
abnormal development of the cocksfoot panicles, giving green leaves 
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in the flowers resembling the bulbils of viviparous forms, and the 
short, clumpy panicle type seemed to develop this abnormality more 
frequenlly. 

By comparing mean heights of l and K families a significant height 
depression was observed in 27 out of 43 / families, in 9 cases an in* 
significant derrease and in 7 cases a slight height increase but without 
significance was obtained. 

The inbreeding effect in height was found by mathematical ana- 
lysis to be significanlly different after different mother plants. The 
average inbreeding effect was different in different strains, these dif- 
ferences also bcing statislically significant. The variation in the degree 
of inbreeding effect differs in size in different strains, which was 
not the case in ineadow fescue. 

The intraclass variance of the height of the I families is greater 
than that of the K families in all the strains except in No. 453, wherc 
the difference is insignificanl. This strain shows, f)n an average, a 
smaller inbre(‘ding eff(*cl in height than the other strains. 

The mean heights of the progenies of different mother plants are 
significanlly different in Ihe I as well as in the K material. The dif- 
ferentialion belween Ihe families is in this case siiggeslively larger in 
the I than in the K material. 

By grouping the I and K progenies from the same mother plant 
we find that these groiips iorm well defined and diff(Tent height popiila- 
tions. This indicates that the genetical conslitution of the mother 
plant greally infhicnces the K as well as the / progeny, which is further 
proved by the exislence of a marked correlation between the mean 
lieights of / and K families in the same group. 

The correlation between the degree of inbre<‘ding effect and 
variance in the I families varies between the strains investigated. In 
two strains, Skandia and Tardus, the correlation is positive, in the 
other three strains it is found to be negative. When the strains are 
divided into two groups with positive and negative correlations re- 
spectively a fairly significant correlation for cach group is obtained. 
The difference in tliesc correlations is significant and therefore the 
strain groups are (ieemed differently correlated in respect of inbreeding 
effect and variability in / families. Of the two groups of strains the 
one with a positiv(‘ correlation between inbreeding effect and variance 
in I includes strains wliich belong to the h generations. The strains 
with a negative correlation, on the other hand, consisl of Ii generations. 
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3. PHLEUM PRATENSE L*, TIMOTHY* 
a) FERTILITY. 

Experiments in 1925, 

^Self-fertilitijy>. - Already in 1925 sonic isolations had becn per- 
formed by Mr. Berg oii Ihe material subjecled to exaiuiiiatioii laler on. 
These isolations, which had been harvested bnt not threshed when 
Dr. Kristofferson and the present writer took over the material, 
consisted of 21 plants of strain 4()A and 15 plaiits of strain 121, selected 
as valuable types for practical breeding. Althougli no careful examina- 
tion was made of the seed set ting in these isolations a great variation 
was observed when the plants were threshed in the number of seed 
prodiiced liy the different plants and also by the different strains. 
Tliiis, it was evident that the isolated plants of strain 121 showed a 
better seed setting than the plants derived from strain 404. In the 
former strain no j)lant failed entirely to produce seed, although the 
number set J)y the different plants varied considerably. Of the plants 
isolated in strain 404 five yielded no seed al all and five were almost 
entirely without seinl. 'Fhe other jdants prodiiced a more or less 
aliundant progeny, a very good seed setting being recorded for one 
plant. The observations made therefore indicate varying degrees of 
' self-fertility ' in difterent individiials and different strains. 

Exjterimenis in 1926. 

^^Self-fertilitij^. - ~ In 192t> a large niiinber of isolations were made 
on material sown in the preceding year by Mr. Berg. All these isola- 
tions were performed for practical breeiiing purposes. Thus, indi\i- 
duals were selected which phenotypically exhibited economically 
\aluable characteristics, such as good height, profuse tillering, leafiness, 
etc. The number of plants isolated in the various strains was as 
follows: -- 


Swedisli Common CominercUil 1(> plants 

Kämpe 14 

Glorin 8 > 

Strain 121 21 

Strain 397 1 plant 


As was the case in 1925 no accurate tests were performed either 
in 1926 on »self-fertilily>', the .secd setting being graded simply by 
estimation of the number of seed in each isolated plant. The records 
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show Hiat 4 plants ga ve no seed at all, 2 ga ve 1 seed each, in 36 the 
yield was poor, in 6 fairly good, in 6 good and in 4 very good. Of 
the last-menlioned 4 plants 3 of them belongcjd lo strain 121 and one 
to Common Commercial, Of the »self-sterile» plants 3 were derived 
from Kdmpe and one from Gloria. No significant dilferences could 
he observed between the strains as each strain containcd plants with 
quite different degrees of seed setting. Assuming that the number of 
seed recorded is on the whole due to the capacity of self-fertilization 
of the different individuals and not to casualilies and modifications it 
seems as if Kämpe conlained inore >selt-slerile» types and strain 121 
more y^self-fertile» types than the olher strains. 


"rABLK 16. Seed Setiimj in Timotliy Isolations in 1927. 


strain 

Number of seeds per panicle, average 

Total 

Qi» 

a> o 

Cfl 

^ a 


0 0,1 1 10-20- 30- t0-30~60- 70-80 90-100 -200>200 


•< o- 


! 

Kämpe ! 

1 15 

* 

7 1 

2 

'iI 

I-I- 


i - 


j 


j 33^ 

2.4 

Strain 121 . 

6 

1 y,\ 

13 

6 

' 4 

2 1 — 

3 

1 1 

2 I-I 

1 7 1 

1 9 

' 57 

1 41.0 

Gloria 

1 

1 1 

1 , 


1 , 

1 

1 1 " 

__ 

: 1 

11- - 

' 1 ! 

! _ 

1 9 

, 3.'), 7 

Strain 397. | 

1 


7 

1 

1 ' 

1 

- 


1 ' _ 

' 1 

i — 

13 

' 13,4 

Finnish ... j 


- 



1 , 

1 1- 

— 


.. 1 — 

1 

— 

1 5 

30,3 

Hussian ... | 

- 

3 ' 

1 1 
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- 1 — 

1 - 

— 

1 - 


1 . 

4 

1*3 [ 

Total 

23 

1 21 

34 

9 

8 

1 1- 

' 3 

2 

3 

1 9 

2 

121 

1 27,3 * 


Experimenis in 1927. 

^ Self-fertilUij>^. - In 1927 a large number of isolations were made 
(»n plant material sowii in 1926. As formerly the molher plants were 
st‘leeled for Iheir praetical breeding qualilies. In threshing the number 
of seed in each panicle was counted and, as a rule, measurements were 
laki‘n of the lenglh of the panicles so as to be able to estimate seed 
setling per iinit ol panicle length. 

Altog(‘lher 121 plants of various strains were e.vamined, the results 
are summari/ed in 'fable Hi. As appears t rom Ihis table in which the 
s(‘ed setting is given in the number of seed per panicle, as the length 
ol the panicles was iiot determined on all the plants, the seed set varies 
very inuch between the different plants and between the strains. The 
average seed setling tor all plants amounts to 27, seeds per panicle, 
which must Ix» considered a very low degree of \self-fertility». The 
variation is, howe\er. very great, ranging from 0 iip to 521 seeds per 
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paniclc, the last iiumber on a plant of strain 121. 01 the entire niiinher 
of plants 23, or 19 , lailcd lo yivo any socd at all and 58, or 47,9 % oi 

the rest, prodiiced less than 10 seeds per panicle. The strains that 
yielded the lowesl a\ erage were Kämpe and the Riissian timotliip \\hile 
strain 121 heads the list Avith 44 seeds per panicle. This last-inentioned 
strain, as also appears from the notes made alter the isolation tests in 
1925 and 1920, seems to contain more > sell-lertile > lypes than Kämpe. 
The few plants ol Gloria and Finnish timothy cxamiried indicate that 
these strains also gi\e a heller seed setting aller isolation than Kampe. 
strain and the Rnssian timothy. 

Of the plants isolaled 70 were studied more closely in that the 
leiiglh oi the dillerent panicles was measured and the secd setting 
computed per cm. of the panicle. The seed setting ol these plants 
amoiinted on the average to l,i seed per cm. The highest iigure is 
13,s seed per panicle cm., prodiiced h\ a plant ol the hiniihh timothy, 
wdiich siidded 107,7 seed per panicle. rnlortiinalelv onlv a tew^ plants 
of strain 121 w^ere tested in respect ol length ol panicle. The most 
>sell'lertile plant iii this strain, however, with a sield ol 521 seeds 
per panicle can he calculated, on the hasis ol the lengtli ol an a\ erage 
panicle, to give a s(‘ed setting ot ahout 07 seeds per panicle cm., wliich 
represents a rather high degree ol sell-ferlilih . From coiintmgs made 
on 0 panicles ol Aarsing lengths the luimher ol Horets per panicle cm 
w^as estiniated al ahout 115 and thus the s.iid plant can he computed 
to yield approximalelv 40 % seed in the numher ol Horets 

From the Hgures gnen il seems cMdeiil that \ ars mg degrees oi 
>selt-lertilit> oceur iii dillerent indis iduals and in dillerent strains, 
heiice it may he assumed that hereditars dillerences e\ist In order to 
investigale a little more closels how^ matters staiui m this respect a 
complete analysis ot sariance ssas made on the nnmerical material 
availahle. The resulls ol this analysis are given in Tahle 17. In this 
tahle the strains Kampe and 121 are groiiped according to the dilferent 
generations of iiihreeding, Kampe inlo L Rud /j and strain 121 into 
Ix and so as lo make a comparison possihle lielsveen material with 
varying degrees ot inhreeding. As the liasic Hgures tor the analssis 
consisted ol the numher of seed per panicle the variation in a numlier 
of instances is very great and this is especially the case in plants with 
a relativel> high degree of seed setting. The greatest variation within 
the plants was ohtained in Gloria, wiiich is however due to the faet that 
in plants with a good sced yield there also oceurred single panicles 
wiiich prodiiced no seed, which is no douht due to some unohserved 
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TABLE 17. Analysis of Variance of the Seed Setting on Isolation in 
Different Strains of Timothg in 1927. 



Average 

1 seed per 
panicle 

Niimber 

of 

1 plants 


D. F. 

Variance 

Kämpe 

1 

1 





^ 

1 11,3 

5 

— 

— 

— 

"Within planls 

— 

— 

6945,72 

55 

126,29 

Hetween » 



4533,48 

4 

1133,87 

Total 



11479,20 

59 

194,56 

/g 

2,1 

10 

— 

— 


" Witliin plants 



1540,83 

107 

14,40 

Belween » 


_ 

1096,68 


121,05 

Total 

_ 


2637,61 

116 

22,74 



0,2 

18 



— 

Within plants 

“ 


48,78 

189 

0,26 

Bctvvecn » 



62,88 

17 

3,70 

Total 



111,06 

206 

0,54 

Entire Kämpe material 

2 4 

33 

— 

— 

1 

Within /g and 



14228,47 

381 

37,25 

Between /o» h h 


— 

5765,01 

2 

2882,52 1 

Total 

- 


19993,48 

383 

52,20 1 

Gloria 

35,7 

9 


_ 


Within plants j 



192.5260,20 

96 

20054,77 1 

Between » i 

1 

— 

t 195295,08 

' « i 

1 24411,80 

Total 

- 

12120556,17 

1 104 

' 20389,80 ' 

Strain No. 397, 1 ^ 

13,4 . 

13 

- 


1 j 

Within planls 

1 


1410f),o4 

143 

! 98,64 

Between » | 

1 


51406,56 

12 

1 4283,00 ! 

Total 


— 

65511,60 

155 

, 422,68 1 

strain So. 121 ' 





1 1 

1 

/, ; 

27,0 

3 


1 

1 1 

Within plants 

-- 

— 

5299,72 

33 

160,60 

Belween » 1 

1 


163260,80 

2 i 

! 81630,00 j 

Total 

i 


168559.72 

35 

48ir),o7 1 

h ' 

45,0 1 

54 


— 

i 

Within i)lants 

1 


295698,50 

549 

538,61 

Between » 

1 


4473827,28 

53 

1 81411,83 

Total 

1 

— 

4769525,87 

602 

7922,80 

Entire material of strain \ 

44,0 

57 





Within and /.^ ' 

- 

— 

4938085,58 

637 

7752,09 

Between /, and /., 



11 007, 00 

1 

11007.00 

Total 

- 

— 

4949092,58 

6:i8 

7757,19 

Einnish litnolhij 

36,3 

5 







Within planis 

— 

— 

141410,28 

55 

2571,09 

Between » 

— 


83411,76 

4 

208.52,94 

Total ' 

1 

— 

224821,96 

59 1 

3810,54 
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1 Average | Number | | i 

I seed per 1 of | i 1). F. Variaiicc 

j panicle , plants | i 


Riissian timothy I 1,3 4 ‘ — ' — 

Wilhin plants | i 117,52 44 , 2,6? 

Ilctwcen » 1 - - 45,48 3 15, ic 

Total - 163,00 4 7 3,4? 

All the slraitis 27,;i 121 — 

Wilhin the slrains -- — 7296681, r»6 1379 | 5291,28 

Hetween » » j - i 491 152, ii 5 I 98236,42 

Total , — — '^833,07, 1384 5627,o:, 


I 


I 


I 


I 


injury. The iniraplaiit variation in Gloria will therelore be praclically 
as great as the interplant variation, and therelore no signilicant dif- 
ference in seed selting can be shown between the plants. In the other 
slrains the interplant variation is signifieantly greater than the intra- 
plant variation. 

The Kämpe material, which consists ol I. and /.; plants. shows 
signifieantly dilferent means for these three s(‘ries. As the highest 
inean is obtained in /<, and the lowest in /> this seenis to indieale Ihat 
an increased inbreeding brings aboul a loss of self-fertility . The 
number of plants in t*ach inbred generation is, however. too small to 
warrant any definite conclusions. As the different generations an* not 
derived direct from one another then the lower seed setting of and I 
need not be due to the degree of inbreeding, l)ut may be explained 
as being due to the ineidimlal selection of plants with a low degree ot 
> self-fertility^ . 

In strain 121 signifieantly divergent means were also obtained in 
bolh the inbred generations, but liere the highest degree of self- 
fertility» is found lo be in the niost inbred material. For the same 
reason as that given for Kämpe no positive inference ean Ix* drawn 
with referenee lo the effeet of the degree of inbreeding on the seed 
selting. Strain 121, however, seems to consist of a population with 
a comparatively high degree of "self-fertilityN no inalter in what inlired 
generation the isolalions an* made. plants of Kämpe (/„) are derivt‘d 
from the isolalions performed in 1925 on strain 404 (/.,), which has 
already been mentioned as being highly > self -sterile;^. 

That Ihc slrains examined are populations with varying degrees 
of »self-fertilily>> is seen at the bottom of Table 17. The separale 
families show great divergencies from the total mean of seed per 





46 FREDRIK NILSSON 


panicle. llie iiiter-strain variation is also significantly grcater than the 
total intra-straiii variation. 

General fertility. — In conjunction witli the tests on »self-fertility» 
investigations werc also made on the general fertility after free flower- 
ing of a number of the plants isolated in 1927. Thus, the length of 
panicle was measured and Ihe number of develojaul seed counted in 6 
panicles on each of 20 plants belonging to Kämpe, strain 121, Gloria, 


TABLE 18. Sced Setiiny in Isolated and Free Panicles of Timoihy 

in 1927, 


1 

1 

1 

Plant 

No. 

Strain 

' I.solated panicles 

1 Niimlicr 

1 

i Sced 1 Variancc 
Panicle.si per 

j panicle! 

1 1 

1 L- 

r rec 

Numbei 

j Seed 
Panicles' per 

1 panicle 

panicles 

Seed 
per cm 
panicle 
length 

1 

1 

‘ Variance 

1 

4602 

Kämpe ... 

12 

1 

0 1 

0 

6 

0 

0 

0 1 

4611 

»> 

12 

0 1 

0 

6 

1 0 

0 

0 1 

4621 


12 

0 1 

0 

6 

1 99,8 

8,7 

12,12 

4694 ! 

» 

12 

0,2 

1,08 

6 

1 172,8 

21,0 

269,8» i 

4703 1 

» 

12 

3,3 j 

72,08 

6 

! 19:, ,0 

19,1 

31,77 1 

4625 1 

Strain 121 

9 

6,0 

96,00 

6 

! 289,2 

22,0 

j 281,91 

4626 1 

» ») 1 

9 

70,., 

6298,01 

6 

* 551,8 

74,9 

1661,00 1 

4628 ' 

», » 

12 

5,0 , 

243,12 

6 

256,3 

33,1 

1 2052,14 1 

4629 , 

» » 

12 

57.7 j 

2637,00 

6 

39.'', ,2 

38,4 

! 238,1. 

4630 

1 

» »> 

9 

10, .7 1 

801,25 

() 

, 223,2 

22,2 

, 380,3(1 

i 4634 1 

» )) 

12 

163,4 1 

49706,12 

6 

540,0 

66,1 

lt)6,04 i 

4635 

» » i 

12 

50,:, 1 

5853,00 

6 

, 34.'),8 

46,4 

1 276,05 ' 

1 4639 1 

„ » 1 

9 

0 1 

0 

6 

' 296,5 

26,0 

' 96,30 1 

4643 

» » 

12 

9,.-. 1 

97,00 

() 

' 118,2 

13,4 

247,79 1 

4660 1 


6 

32,0 , 

6624,00 

6 

1 181,0 

20,8 

345,32 

4664 ' 

» » 

12 

1 

2,28 

6 

67,5 

7,9 

83,20 

, 4674 

» ,) 

, 12 

0,:< ; 

2,08 ' 

5 

1 68,0 

10,.5 

1 126,63 

1 4686 

Gloria .... 

12 

8,1 

352,02 

6 

' 362,3 , 

37,2 

1156,12 

1 4733 

Russian ... 

12 

o,» 

5,68 

6 

348.7 

21,6 

, 2429,51 

4722 

Strain 397 

12 

4,5 

67,00 

6 

304.7 1 

36,8 

1 1898,34 1 

Hiissi(ni limoiliy and strain 397, 

The resulls 

of t his examination are 


tahiilated in Table 18, vvhich also gives the seed setting of the same 
plants in isolation. Two ol the > self-sterile» plants were also sterile after 
Iree flovvering, lience it niay be assumed that these plants were female 
sterile. Tlie matter was not subjected, howevcr, to a close study. The 
other planis varied greatly in their capability of selting seed, ranging 
from 07,:, seed per panicle (7,9 seed per cm. of panicle) to 551,8 seed 
per panicle (74,9 seed per cm. of panicle). The Inghest result is 
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approxinuUdy cqual lo 52 % of tlie iiuniber of florets (cp. above j). 4:i). 
Thus, the plant givin^ seed in 4G \ of tbe florets in isolation niight 
be regarded as fully self-ferlile. In coinpiiling llie niean of the seed 
setting found in frec inflorescences the two sterile plants werci not 
included, becaiise thev may be looked nj)on as piire inale ])lants (cp. 
WiTTE 1919 b). The inean of the remaining 18 plants amounts to 
21)1,4 seed per paniele, or 29,:. seed per panicle cin. The average 
obtained for Ihese plants after isolation was not more than 24,o seed 
per panicle, which is only 9,2 \ of the seed set in tree flowering. 

The suininarizing analysis of variance given in Table 19 shows 
that the total variation in holh self-fertility and general fertility 
consisls mainly of interplant variation, which is significantly greater 
than the intraplant variation. 


TAHLl^ 19. Aiuilifsis of Vorionce of Seed Settincf in Timotluj in 19^2/. 




1). F. 

Variance 

holafions (18 plants) 




Within plants 

. . . 72863, ej 

180 

404,s(j 

Between » 

332192,22 

17 

1 9358,37 

Total 

... .. i()53r>r),04 

197 

2057,84 

Free floivevimj (18 plants) 

, — 

— 

- 

Within plants 

117:)3,4:> 

89 

132,06 

Between » 

. .. . 31487,r,i 

17 

2028,6« 

Total 

.... 46241,06 

106 

136.24 


From Tabli* 19 il appears tiirther that tlie total variation in seed 
setting is considerahly grealtT in isolaled than in free panicles and this 
is true of both the intraplant variation and the interplant variation. In 
bolh cases there exist statistically significant differences. 

Correldtion between y>seif-fertilitij > ond yenerfd jeriiliti]. — As 
Tal)le 18 seeined to suggest that there existt*d a certain parallelisin 
between »self-fertility and general fertility the correlation between 
theni was compiited in tln* 18 plants where both were detennined. 
positive correlation, r + 0 , 7212 , was found, which has a greal statistical 
significance, and we are Iherefore justified in drawing the conclusion 
that a correlation exists between seed setting in isolaled and in tree 
inflorescences under the conditions prevailing in this investigation. The 
analysis of variance of the seed selting in enclosed inflorescences is as 
follows: — 
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Td» 

D. F. 

Variance 

Total interplant 

322492,22 

17 

19558,S7 

Regression upon general fertility . . 

193874,16 

1 

193874,46 

Remaining interplant 

12816,76 

16 

8038,61 

Intraplant 

72863,42 

180 

404,811 


The remaining iiiterclass is significantly greater than the intra- 
ciass. Different environmcntal conditions of Ihe plants can hardly 
have such a great modifying influence upon the isolation fertility as 
to account for the difference between intraplant and remaining inter- 
plant)» variance. Therefore, the great remaining interplant variance 


TABLE 20. Analysis of Variance of the Panicle Length of Isolated 

Timothy Plants in 1927. 



— 


- 

- 

- 

— 

— 




Number 

Average 

Intraclass 

Iiiterclass 

1 




length 










Panicles 

Plants 

mm. 


D.F. 

0 * 


D.F. 


Kämpe 

231 

20 

83 

27959 

211 

132, SI 

69264 

19 

3645,47 

Strain 121 

36 

3 

86 

2820 

33 

85,45 

7224 

2 

3612,00 

Gloria 

105 

9 

101 

20151 

96 

209,91 

16740 

8 

2092,60 

Strain 397 

156 

13 

108 

17295 

143 

120.94 

59124 

12 

4927,00 

Finnish 

60 

5 

90 

5937 

55 

107,95 

3492 

4 

873,00 

Russian 

48 

4 

95 

91021 

1 44 

206,86 

45660 

3 

h5220,oo 

All the strains . 

636 

54 

94 

t — 

— 

— 

— 

— 

— 

Total within 



1 1 

' 1 






strains 

— 

— 

— 1284768 

630 

452,01 

— 

— 1 

“ 1 

Between strains 

- 


— 

- 

1 

— 

66984 

' 5 ' 

13396,80 


indicates a genelic variation in »self -fertility» which is independent of 
the general fertility. 

Panicle length. — Simultaneously with the analysis of the fertility 
a measurement of the size of the panicles was ohtained in the plants 
tested by measuring the length of the separate panicles. The average 
panicle lenglhs of the different strains are tabulated in Table 20. The 
shortest panicle is foimd in Kämpe, the average length of 20 plants 
being 83 mm., while in strain 397 the average length of the panicle 
in 13 plants is 108 mm. The total mean for all strains amounts to 
94 mm. The means obtained cannot with certainty be considered 
representative for the strains as a whole but must be regarded only as 
the average of the individuals within the strains tested and these means 
can be proved to be significantly different. In each partieular strain 
the variation in the length ol the panicle is mainly an interplant varia- 
tion, which is significantly greater than the intraplant variation. 
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Correlation befween ^ifseff-ferliUty» and pnnicle length. — In order 
to obtain evidence as lo wliether the length of the panicles of different 
plants influences the »self-fertility» in any way the correlation 
coefficient was coini)uted between the panicle len^th and the seed 
setting in isolation in the 54 planis tested in hoth respeets. The resull 
obtained, r — + 0 ,<w 2 i, does not indicale any correlation. This nieans 
then that in the material under examination the length of the panicle 
and the degree of »self-fertility^* are independenl charaeters which can 
be combined in various ways. 

Experiineuta in 1928. 

f Self-fertility». — In 1928 no isolations on a large scale were per- 
formed, only a few plants were subj(‘cted lo some fertiiity tests. In 
various inbred families from strain M4 there appeared low, but pro- 
fusely tillered and leafy individuals together wilh a few chlorophyll- 
deficient plants. 7 of these plants were isolated and the seed was also 
gathered after open ])ollination. All these plants failed to produce any 
seed in encIos(*d inflorescenct‘s and in open inflorescences only a few 
seeds per panicle were ohlained. 5 plants derived from strain 121 were 
also isolated, 2 of which had white panicles and the other 3 had some- 
what chloroi)hyIl-deficient leaves. None of the i)lants were fully >self- 
sterile hut the seed setting of the different plants varied considerahly. 
Th(» plants with chlorophyll-deficient leaves produced on the average 
only 0,1 and 0/) seed per panicle while the white panicled plants yielded 
an average of 0 , 2 , 3,0 and (>4.o seed per panicle respectively. 

Experiments in 1929. 

»Self-fertility». — During the sunimer of 1929 breeding work was 
continued on the previoiisly inbred material and a large nuniher of 
new isolations were performed. Special attention was paid to strain 
121, partly because il had shown itself to be valuahle from the stand- 
poinl of practical breeding and partly because the preceding year’s 
tests had indicated that the most self-fertile types were found in this 
strain. In the plant material grown from the isolations made in 1920, 
comprising now, as far as strain 121 was concerned, an generation, 
a selection was made from 5 families, 5 plants of different .types being 
chosen from each family. From the /« families of the same strain, 
which had been raised from h plants isolated in 1927. a new^ selection 
of 42 plants was made from 6 different families, the niimber selected 

Hereditaå XIX. 4 
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from each family varying somewhat in accordance with the occurrence 
of valuable breoding lypes in the different families. Further, 6 plants 
of an Ia family of Kämpe were isolated, and also 13 plants in three /» 
families of the Finiiish timothy. In addilioii, 10 plants were isolated 
in a timothy population grown Irom a Russian seed-sample, which 
contained both Ihc ordinary tall type of liinothy and the low, prostrate 
iio(Iosiini-\ypQ. 5 oi Ihe mother planls isolated in 1927 were isolated 
as Controls, the following numbers of seed per panicle being 
obtained: - - 


1927 17,s 57j 149,0 4,2 26,6 

1929 109.0 184 7 138,o 3,i 6, i 


Coellicienl of correlalion -4 o,')S. 

(x)ntrol isolations of 9 plants isolated in 1928 gave the following 
resiill: — 


1928 0 0 0 0 0 0 0 0,1 0,“> 

1929 0 3,s 0 0 0 0 0 0,i 5,2 


As seen the agreement is fairly good, especially ii we bear in mind 
that the »sclf-fertilily» is given as the number of seed j)er panicle, 
whicli is ol course not Ihe best measiire ot the degree of seed selting. 

Of tlie 10 planls isolated in Ihe Russian timothy 5 were of the 
no(tosi/m-t}pe, wliile the remaining 5 belonged to llie ordinary, tall 
lype oi* limolln. The results of the fertilit> tests will be found in 
Tahle 21, irom \Nhich it appears that the noäosnm-plnnls are on the 
whole self-slerile >, oniy one ol the planls examined giving one seed 
in 5 panicles. Even in free inllorescences tliese plants produce less 
seed llian iJie tall t\pe, and one of Ihem was lully sterile, giving no 
seed in 10 iinestigated panicles. The tall plants of the »hny> or 
>seini-ha>» iyjie showed \ar>ing degrees of seed setting in isolation as 
weil as in free Ilowering. The panicle is on the whole shorl. The 
residts of inv seli-ferlility tests agree very well with those obtained by 
Sylvln (1929) and Jenkin (1931 d) in isolations oi noäosnm-plants, The 
nodosi/m-i orms oi timothy llius seem to have in general a very low 
capacity ol seed setting, Jiiil fhis does not exelude the possibility of 
there being found even aiiiong these types oi timothy individual planls 
with a higli degree ol lerlility, the truth of which is evidenced by one 
of the planls tested in the present material, which produced 54,3 seeds 
per panicle cm. in open pollination. 

The results of the isolations performed in strains 72/, Kämpe and 
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Finnish timothy on previously iiibred material are labulated in Table 
22 logelher with tlie degree of seed selting previously found in llie 
mother plants. The rnofher plants in Ihe 1926 isolations seeni to 
transmit good and poor »self-ferlilily» to their progenies, in wJiich 
neverthcloss »self-sferile>' and inore or less /^self-fertile > plants are 
found. In only 3 of Ihe faniilies are all the plants somewhat self- 
fertile», but in the otlier families »self-sterile» types have also occurred. 
Although the small nuinber of plants selected from each family cannot 
entirely cover the occurring variation vve still get a clear picture of the 
differentiation in self-fertility^' between differ(*nt plants. This is also 
the case in the progeny plants derived from the mother plants seleeled 

TABLE 21. Sced Settiny and Panicle Length of Tvn Russian Timothy 

Plants in 1929. 


1 

1 1 

1 1 

1 

1 ; 

1 

Isolations 

Number of sced per 

1 panicle pan. cm. 

Frec flowcring 

Number of sced per 

panicle pan. cm. 

Panicle | 

length 

average 

1 inin. 

1 

i Nod()siim-t\ pe 

i) 

0 

117,:i 

20,8 

56 ' 

») 

0 

0 

20,1) 

3,3 

61 

)) 

0 

0 

315,0 

54,3 

1 58 

)) 

0,2 

0,07 

23,7 

3,9 

1 61 

1 » 

0 

0 

0 

0 

17 

Krccl type 

9 : 1 , (• 

22,0 

319,0 

51,7 

62 

1 » 

2,3 

1.0 

241,0 

.38,9 

62 

)) ' 

1,0 

0 ,.i 

15(3,3 

10,3 

63 

' » 

50,8 

8,3 

534,3 

7 1,0 

72 

» 

11,0 

1,3 

674,3 

98,2 

69 

in 1927. Slrain 121 show’s in these faniilies, as ivell as in those derived 


from the 1926 isolations, an intense variation in seed setling between 
the plants as well as between the faniilies. Only 1 family, in which 2 
plants were tested, is fully self-sterile». 'Flie mother plant of tliis 
family also had a very low degree of ' self-fertility , th(‘ yield in 1927 
being not more than (),t set^d per jianiele. The only family represeiiting 
Kämpe is fully »self-sterile >. Of Ihe 3 families of Finnish timothy one 
shows relatively good seed setting while the other two are fully \self- 
sterile». 

On the whole, the agreernent between the »self-fertility» of the 
mother plant and that of its progeny seems to be good, but the material 
is too small to warrant any definite judgment being made on this 
point, especially as the 1926 mother plants were not tested accurately. 
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Still, il is quite obvious that a differentiation has taken place, and in 
order to throw further light on this poinl a complete analysis of 
variance is given in Tables 23 and 24 of the seed setting in those 4 
families in which all the plants have shown some seed setting. From 
Table 23 it will be seen Ihat the interplant variation in »self-fertility> 
in each of the.se families is significantly greater than the intraplant 
variation. It may be turther infcrred from Table 24 that the inter- 
family variation is signiiicantly greater than the intra-family variation. 


TABLE 22. Seed Seiting of Mother Plants and Progeny. Comparison 
of the Number of Seeds per Isolated Panicle. 


Mother plants ' Progeny 

j The seed setting of single progeny plants 


No. 

Secd setting 

No. 

Averoge 

seed 

seiting 

1 1 


isoTated 

S ' 4 

in 1929 

5 1 6 

i 

7 

8 

1745 

good 

3778 

8,8 

20,0 i 

10,7 

10,3 

2,0 

1,0 




1746 

weak 

3783 

3,7 

18,0 1 

0,3 

0 

0 

0 

— 

— 

— 

1747 

good 

3785 

50,1 

146,3 1 

57,0 

31,0 

11,7 

4,3 

— 


— 

1748 

fairl> good 

3787 

3,5 

15,7 

2,0 

0 

0 

0 




1759 

fairly good 

3810 

3,. 

11,0 


2,0 

0 

0 




1761 

weak 

3814 

4,9 

24,3 

(i 

ö 1 

0 

0 



— 

1763 

fairly good 

3819 

20,9 

47,0 1 

44,3 

6,7 1 

4,0 

2,7 

— 


— 

4648 

149,0 

24,1 

4874 

2,6 

18.0 1 

0 

0 

0 

0 

0 

1 0 

— 

4649 

4876 

22.1 

162,3 

14,3 

O.i , 

0 

0 

0 

0 ' 

1 0 

4651 

127,2 

4880 

15,7 

73,3 

0 

0 

0 

0 

_ 

— 


4652 

102,7 

4882 1 

12,5 

67,8 j 

2,7 

0,.3 

0 

0 

0 

1 — 

— 

4653 

17, :i 

4884 i 

1.6 

6.’ 

1,3 

1,0 1 

0 

0 

1 


— 

4668 

0,1 

4911 , 

1 0 

0 1 

— 

1 

1 


- 

1 1 

— 

— 

4696 

10,5 

4962 i 

1 0 

1 0 1 

0 j 

1 1 

0 

0 


— 

— 

4708 

4709 

31,7 

29,4 

4985 

4987 

0 , 
1 48,9 ' 

1 ® ' 

' 90,0 

0 i 

40,0 1 

' 0 i 

i 16,7 

0 

! 0 

1 


- 


1 4711 

7,5 ' 

4990 

0 

0 

0 

0 

0 

0 

^ 1 

— 1 

- j 


General fertility. — All isolated plants havo also been examined 
with rospect to fertility in free flowering, and oven theso tests show 
that there is a great variation in the seed setting of ditferent plants. 
Not less than 8 produced no secd at all. this being confirmed by an 
examination of all the dovoloped paniclcs on these plants. These were 
of course also .selt-sterilo. In these instances wo can suspect the 
existence of female slerility. Olher plants varied greatly, the largest 
number of sood set being 1246,3 seed per panicle, or 145,s seed per 
panicle cni., by a plant ot strain 121. From Tables 23 and 24 it is seen 
that the interplant variation is significantly greater than the intraplant 





TABLE 23. Analysis of Variance of Seed Setting in Isolated and Free Panicles of the FamiHes 


STUDIKS IN FERTILITY AND INBREEDING 



w r- oe 

« rs 1»^ 

« § S 


sg ^ SS 


a> <D 

00 
C^l CM 


2 S S 

-t' O 


o te I M 

d U- 


ro o o 
o 05 

s ■' 


2 § § 


CM i-i 00 

CO «C O 

O 

C^^ 00 o 


•r 00 05 
l'^ CM 


o» pfl 
o 0^ «» 

00“ cm'' ^ 


O »Q O 

CO 1'^ O 

CM ^ 


M (^4 tn 

05" O 

lO O CO 

gs 2 ? 


53 



54 


FSBDBIK NILSSON 


variation. The differences in seed setting between the families are also 
significant. 

Correlation between »self-fertility» and general fertilitg. — As a 
considerable differentiation could also be ascertained in the general 
fertility it migbt be of intcrest to fiud out to what an cxtent seed setting 
in enclosed and in open inflorescences are correlated with each other. 
The correlations in the 4 families analysed more closely are: — 


Family No. Number of Pairs r 

3778 5 + 0,62Hi 

3785 5 + 0,3321 

3819 5 + 0,7592 

4987 3 + 0,3189 


TABLK 24. Siimmarizing Analysis of Variance of Seed Setting in the 
Families 3778, 3785, 3819 and M87 in the Year 1929. 


1 

1 . _ 1 

1 j H. F. ' Variance 

Isolation 

Within plants within families i 

212,98 36 0,92 

724,18 1 14 51,78 

Hetween plants within families 

1 Total within families 

937,14 , 50 18,74 

405,11 ' 3 135,04 

1 Hetween families 


1342,25 * 53 25,33 

, 6148,52 1 36 1 170,70 

1 23668,22 14 1690,59 

t 29816,74 .56 ' .596,34 

42767,.’12 ;} 1 142.5.5,77 

72.584,01. ] 53 1369,51 

1 Total 

1 Frec floweriny 

1 Within plants within families 

1 Hetween plants within families 1 

1 Total within families 

1 Between families 

1 Total 1 


Thore thus seems lo exist a positive correlation bul it caiinot be sbown 
lo bave any statistical si^nificance within tlie separate families, The 
only family in which it can be assumed ANdlh any degree of probability 
tbal a correlation really cxists is No. 3819. As no significant diver- 
gencies can be sbown between the correlations obtained a total correla- 
tion bas been compuled for tbe whole of the material tested, altogelher 
98 plants. Then we oblain r= + 0,412.5, which has a greal statistical 
significance (P> 99 : 1), and we can therefore consider it proved that 
tbe variations in vselfTertility» and general fertility are to a great extent 
dependent on each other. 
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The analysis of variance of Ihe >^self-fertility» between Ihe plants 


is as follows: — 


J). F. 

Variance 

Total interplant 

... 17192,17 

97 

177,24 

Regression upon general fertility . . . 

. . . 2985, «) 

1 

2985,00 

Remaining interplant 

. . . 14207,13 

9(> 

147,09 


Experiments in 1930. 

^>Self-fertilityy>. - All plants in one very varial)le E faniily of 
Kämpe were vejj;otalively propa^ated in \hv autinnn of 1929. Isola- 
tions were made on all clones in 1930, iwo plani lels in each clone 
having three paniclf\s bagged togelher. Furtber, renewed isolalions 
were ptTformed on tlie 9 plants of Ihe two strains Kämpe and 121 
invesligaled in 1928 and 1929. Five noäosnmAike plants of the Kussian 
timothij were also isolaled, biit these plants were not so proslrate as 
Ihose isolated in 1929. 

Moreov(»r, a new seh^clioii of inother plants was made from tlie 
same material as in 1929, but this lime only the most vigoroiis indi- 
viduals in a nnmber of fainilies were chosen. From some of tliese 
families 3 or 4 plants were seleeled, from olhers only 1, bnl as a rule 
2 mother planl> were seleeled from each family. 

In (piite ni‘w material, Iransplanled from localilies in the South 
of Sweden, isolations were made on 14 plants of varioiis types of 
tiniothy, 5 of them being of noänsiimAype from the Island of Tlland. 

Altogellier 130 plants wen* isolated, whicli will be treated in 
differenl series according to their derivation and type. No examination 
of seed setting af ler free floweriiig was possible until late in the aiitumn, 
but by ihat time inuch of tlie seed had fallen out of quile a niunber 
of the panieles and therefore no aecurate examination could be made. 

The control isolalions on tln* 9 fidly, or almost fully, »self-sterile ^ 
plants examim‘d in 1928 and 1929 even this year showed r(‘sults of 
seed selling entirely in accord with those obtained in the two previoiis 
years. 5 of the plants failed to give any seed al all while the others 
yielded very few seeds. 

The n(*w isolations in the Rnssian timothy yielded a better result 
than was obtained from the plants examined in 1929. riuis, none of 
the plants selected were quitc »self-sterile» although the number of 
seed set was low. The average yield per plant was 3,o, 3,7, 5,8, 7,o and 
20,7 seeds per panicle. 
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The new material collecled, which can be considered free from 
previous inbreeding, also showed a very varying yield of seed in the 
different plants« 4 of Ihe 5 nodosum-plants from Öland were fully 
»self -sterile» while the 5th gave only 1 seed in the 6 panicles isolated. 
The other 9 wild plants (erect type), 4 of which had also been collected 
on the Island of Öland, gave a yield ranging from 0,5 to 22, o seed per 
panicle. Even from these figures we might be justified in saying that 
types having different degrees of »self-fertility» have been met with 
even in wild growing material. From the analysis of variance con- 
firmation was obtained that they are to be regarded as having varying 
degrees of »self-ferlility». 

TABLE 25. Number of l.solated Plants in Different Timothy Strains 

in the Year 1930. 


Strain 

Itibreediii^ 

generation 

N u m 

Families j 

ber 

Plants 

Avcrage seed 
per panicle 

Kämpe 

A 

1 

1 

1 

0 

)) 

h 

1 1 

1 1 

45,4 

» 

h 

1 

1 1 

0 

121 


2 1 

7 1 

18,4 

» 

h 

17 

28 1 

! 65,3 

Gloria 


4 

6 

i 3,0 

Finni.sh 

h 

2 ' 

5 1 

52,2 

397 

h 

1 1 

2 1 

23,.t 

Total 


29 1 

51 i 

45.7 1 


The new selection of mother plants from the previously inbred 
material consisted of 51 plants, distributed among different strains as 
shown in Table 25. The different plants sliow quile different degrees 
of seed setting. The differentiation between the fainilies derived from 
the different mother plants seems to be very great. The means of 
the different inbred generations of the strains examined are given in 
Table 25, from which it will be seen that the highest mean is obtained 
in the /., generation of Slrain 121. The lotal mean of all plants reaches 
45,7 seeds per i)anicle. It is iiiteresting to note that the h plant of 
Kämpe selected yielded a relaiively large number of seeds, which 
proves that even in this strain individuals with a comparatively high 
degree of self-fertility can be met with, although not so frequently 
as ill some other strains. Of the particular plants tested 5 of them 
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were »self -sterile», of which 2 beloiiged to Kämpe, 2 to strain 121 and 
1 to Finnish timotliy. 

The higliest yield was 313,7 seed per paiiicle (31,8 per panicle cni.) 
by an /.$ plant of strain 121, In anolher /» family of the same strain 
4 planls examined gave 293 ,h, 230,7, 155,5 and 195,8 seeds per panicle 
respectively, which indicates that Ihis family consisted mainly of types 
with a relatively high degree of self-ferlility. In comparing these plants 
with the mother plant of the family, which showed a yield of 306,i 

TABLE 26. Analysis of Variance of Seed Setting in Isolated Timothy 
Plants in 1930, Compared with the Seed Setting in the Mother Plants 
Isolated in the Year 1927. 


Mother plant 

u 

ii 

No. , .Q-s 

9 e< 

I ii a, 

1 

Progeny fa 

SuSJi 

- , es O 

No. 1 ^ .Q *5 

> ii cs 
-t: « a 

mily 

ii t: 

£ “ 

5 c- 

Int 

raplant 

D. F. 

ö* 

Interplant 

- - _ r 

UnD») ' I). K. i o’ 

j ! 

1 1 

4630 

10,5 

4840 

92,7 

2 

1125,34 

4 

281,34 

294,00 

1 

1 294,00 

4631 

1,‘^ 

4842 

1,5 

2 

11,70 

10 

1,17 

21 ,90 

1 

21,00 

4635 

50.5 

4849 

13,4 

2 

718,94 

10 

71,89 

483,90 

1 

483,00 

4641 

2,3 

4860 

5,0 

2 

160,68 

10 

16,07 

34,68 

1 

' 34,68 

4645 

52,7 

4868 

33,5 

2 

1138,00 

9 

126,44 

12344,75 

1 

112344,75 

4649 

24,1 

4876 

128,4 

1 2 

35154,54 

10 

3515.45 

87313,08 

1 

87313,08 

4651 

127,2 

4880 

3,5 

, 3 

1 81,52 

15 

5,43 

’ 139,02 

2 

* 69,51 

4676 

306,1 

4925 

218,8 

4 

1 105605,oo 

20 

5280,25 
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seed per panicle in 1927, we find the parallelism between the »self- 
fertility» t)f the mother plant and that of the progeny so manifest that 
we can assume a nearly constant high degree of »self-ferlility». A 
glance at Table 26 will show that even the other mother plants have 
transmitted their »self-fertility» to their progenies. In this Table the 
degrees of seed setting in the mother plants have heen tahulated logether 
with the mean seed setting of the progeny of those families from which 
at leasl 2 individuals were tested in 1930. The parallelism is, on the 
whole, very obvious, as will ajipear also from the correlation coefficient. 
which is r = -h 0,4507 in the entire material (29 pairs). There is siiff- 
icient statistical significance in this number of pairs (the probability is 
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more than 99 : 1 ) to show that a correlation really exists and therefore 
it can be considered as proved that unequal degrees of self-fertility 
are transmitled to the progeny. That the correlation is not greater must 
be considered as due to the small number of progeny plants tested, 
and also to the fact that different years may modify the self-fertility 
in varying degrees. Even judged by the averages the parallelism is 
however striking, for the mean of the niother plants tested in 1927 was 
46,5 seeds per panicle and the mean of the seed setting of the progeny 
plants of these molher plants examined in 1930 was 45,7 seeds per 
panicle. 


TABLE 27. SummariziiKj Analysis of Variance of Seeä Setting in 
Timothy Isolations in the Year 1930. 


1 


I). F. 

Variance 

j Within plants within families 

Between plants within families... 

199973,88 
221797,39 1 

182 

1 23 

1098.76 

1 9643,36 

I Total within families 

421771,27 1 
359391,41 

> 205 

i 2057,42 

25670,81 

, Hetween families 

14 


Total I 781162.68 I 219 I 3566.95 


The analysis of variance of the »self-fertility» in 1930 (Table 26) 
shows that llie interplanl variation is in almost every instance greater 
than tlie intraplant variation, even if the difterences are not always 
statislically significant. From Table 27 it will be seen that in the 
whole of the material the interplant variance is decidedly greater than 
the intraplant variance, there being no doubt that this is not due to 
cliance. Tlierefore, it can be proved that on the average the dif- 
ferenliation l)etween the plants is obvious, even if this cannot be shown 
within every single lainily, partly because the number of plants 
examined was too small and partly because cerlain families show a 
relalive conslancy in >self-feriility». From Table 26 we further see 
that the families are highly differentiated with respect to »self-fertility / . 

The intensely segregating /i family, No. 4933, from Kämpe also 
showed a greal variation in > self-fertility». The mother plant of this 
family, No. 4680, produced an average of 14,5 seeds per panicle in 12 
isolated panicles in 1927, and renewed isolations in 1930 gave 26,7 
seeds per panicle, or 2,7 seeds per panicle cm., in an average of 6 
panicles. All the /i plants were vegetatively propagated in the autumn 
of 1929. Some of the clones died out in the following winler. Of 





59 


STUDIES IN FERTILITY AND INBREEDING 

those still living 4 were very weak and had small slunlrd panicles, 
from which the florets fell off at flowering lime, leaving only ihe bare 
rachis. These clones were absolulely sterile and were not isolated. 
64 clones had normally develoi)ed panicles, although tliey differed in 
size and appearance. Tliese were isolated in 1930. As was to be 
expected from the more or less vigorous appearance of the clones 
they differed very much in the degree of seed setting. 15 of them 
were fully )self-sterile» while the others showed a higher or lower 
degree of »self-fertility» up to 38.7 seeds per panicle cm. (112 seeds per 
panicle). 

TABLE 28. Sumnutrizing Andlysis of Variance of the Seed Settiiuj in 
Isolations of ihe F(tmily 493*^ from Kämpe, Isohitions in 1930. 


1 




1). V. ' 

Variance ' 

1 

Between panicles within 

clones 

Between isolations within 

isolations within 

clones 

1321/.:. 

I(t21,43 

248 

01 

5, .13 

1 5,90 

Total within clones 

Between clones 



2313,08 

23832.20 

312 

03 

7,r.i 

37«,2« 

Total 



20175,28 

375 

09,80 

Th(' distribution of 

the variants 

into 

differtnit 

dassc 

s of self- 

fertility was as follows: - 

- 





Number of seed t)er 

panicle cm. 

0 Oj 

1 2 3 

- 4- 5 

6- 7 8 

Nmnber of clones 


15 

1 1 5 2 

5 4 

4 1 2 


—9 10- 11 12- 13 14 15- 16 17 18- 19- 20- 30 40 

12 4 11111 - - 2 2 

There is an even distribution in differenl gradations wilh an evident 
maximum only in the 0-class and the lowest fertility dass. Although 
the modificalions may ot course easily shift tlie >'aclual'> figures from 
one dass to another in this limited dassification il still seems evidcMil 
that a differentiation into different gradations has taken j)lace. This 
is still more evident frtnn the analysis of variance given in 3\able 28. 
From this it will be seen 1) that the inler-isolalion variance (belwcen 
differenl isolated plantlets within the same clone) is greater thaii the 
intra-isolation variance (between the panicles within the. same isola- 
tion) and 2) that the inler-clone variance is greater Ihan the intra-clone 
variance. In bolh cases the differencc is of great statistical significance. 
This iinplies that the modifications affect different isolations to a 
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greater exlent than different panicles enclosed in the same isolating 
bag and it also implies Ihat there exists an intense variation between 
the clones* 

However, there is such a great variation in this family with 
respect to other characters that its self-fertility must be looked upon 
in connection with the vigour of the plants, a matter that will be 
treated in the ncxt chapter. But even here it may be pointed out that 
on the average seed setting is not lower in the progeny than in the 
mother plant, for in 1930 the »self-fertility» of the mother plant was 
found to be 2,7 seed per panicle cm. while the average yield of the 
progeny was 5,3 seed per panicle cm. 

b) THE EFFECT OF SELF-FERTILIZATION ON THE PROGENY. 

The iiivestigations carried out in relation to the effect of inbreeding 
in timothy were made on the same material as that dealt with in 
connection with the analyses of fertility. 

Of the investigations made into the variation in different characters 
in families after isolation and after free flowering an account has 
already been given concerning the tests on fertility. Moreover, the 
material as a whole has been chiefly analysed carefully with respect 
to the variation in height, but some families have also been examined 
regarding other characters. 

Progenies after mother plant s selected in 1925, 

The material raised from the isolations performed in 1925 was 
not subjecled to a close examination. As no seed had been harvested 
from the open inflorescences of the mother plants no comparisons 
were possible between inbred and »outbred» progenies. As the »self- 
fertility» of the majority of the mother plants was low their sub- 
sequent progenies were very few in number, which rendered it difficult 
to form any reliable opinion of the variability of the different characters. 
The I families ol strain 121 are characterised in general by being on 
the average taller, less profu.sely tillered and having a more gracile 
type of growth than the I families of strain 404, which were as a rule 
lower and in some cases with very profuse tillcring. The variation 
between the different families of strain 121 was very great, which 
indicates that different lypes had been separated by self-fertilization. 
The / families of strain 404 were more similar in their morphological 
characters, even if in some cases differentiation seemed to have taken 
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place. As already mentioned, there appeared a iiumbcr of plants in 
strain 404 which were low in stalure but olherwise vigorously developed, 
and in strain 121 one fainily was noted with 2 plants havinj^ albino 
panicles and another two fainilies with soine plants liaviuf^ chloro- 
phyll-deficient leaves. 


Progenies afier molher plants selected in 1926 and 1927. 

Defective plants. — Tlie progenies of the inolher plants selected 
in 1926 and 1927 were studied extensively in fainilies after isolation 
and after open pollination. A more or less intense variation in different 
characters appeared in botli I and K faniilies. After the 1926 isola- 
tions 2 albino plants appeared in an L family of strain 121. In other 
respects these plants were vigorous and norinally developed. A few 
solitary chlorophyll variants were also noted in a greal niany / faniilies 
but no definite tigures were obtainable. These chlorophyll-deficient 
individuals occurred in greatly varying proportions in the different 
families, not only in / fainilies but also in K faniilies as well. A greal 
nuniber of different types with unecpial degrees of chlorophyll develop- 
nient were observed, ranging from pure albino to pure green with 
transitions to slriated types of varying intensity as well as yellow and 
yellowish green individuals. That the segregation varied in different 
families is manifest and several genetic factors seeiii to occiir. 

The occurrence here and there of single individuals without any 
fertile straws is also iiiterpreted as a recessive product of segregation. 
In various families an intense differentiation seenis to have taken place 
in immunity against rust, in tillering, leafiness. lengtli of panicle and 
several other properties. 

Winter liardiness. — Even with respect to winter hardiiiess mani- 
fest differences could be observed in 1929 between th(‘ families, I famili(\s 
as well as K faniilies. In an aggregate of 30 / families derived from tlic 
1926 molher plants the average iiiortality was 15,:» while the 
corresponding K families showed, an average niorlality (»f only !,«. ?o. 
On examining the separate groups of / and K faniilies it will be found 
that in 4 cases the mortality is highest in the K families, in 6 cases il 
is equal in / and K faniilies while in 29 groups the / families show a 
greater percenlage of dead plants Ihan the corresponding. K families. 
These resulls plainly indicale that winter hardiness is on the average 
lower in the / material than in the K material. 

The variation in mortality between the inbred families has 
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TABLE 29. Analysis of Varinnce of the Height of Inbreeding Material 
in Timothy. Isolntions in 1926. Mea,sitremenis in 1929. 


Group No. 

! 

o 

y, 

s 

ce 

iLt 

Basic popiilatioii 

Inbreeding 

generation 

Number of 
plants 

Average 
height cm. 

Variance 

Group 
average cm. 


1 

i3739| (’.omnion comnier- 

1 


1 


1 

1 , 


cial slrain 

1 Ä' 

109 

109 

44,75 

' 108 

1 

40i » 

1 A 

20 

103 

58,74 


i 

1 » 

li 

100 

101 

71,32 

1 94 

1 

2 

1 42 

1 

r. 

117 

87 

56,00 

! 3 

1 

1 » 

it 

120 

103, 

1 46,39 

103 

1 44 

' » 

1 h 

12 

100 

112,09 

! A 

i 

» 


120 

103, 

77,03 

( 100 

1 4 

1 

t 48 

» 

i' 

120 

97! 

67,04 

5 

f 49i 
l 50 

» 

39 

38 

1121 

117' 

40,05 

44,70 

114 

1 

1 « 

i 31 

' » 

39 

! 105 

84,31 

101 ' 

t 62 

» 

il' 

39 

98 

137,15 

1 

f 53 

)) 

40 

105 

37,44 

1 98 

7 

1 54 

n 

1 A' 

40 

91 , 

39,21 

8 

/ 37 

» 

120 

113 

53,13 

^ 105 ' 

{ .58 

0 

!.■' 

1201 

97 

55,07 

9 

f 59 

» 

20* 

113 

51,37 

109 

l 60 

») 


15 

103 

102,07 

10 

1 61 

» 

É 

40, 

107 

56,31 

103 

1 62 

)> 

h 1 

34' 

100 

81,94 

11 < 

1 77 

Strain 121 A 

A 

120 

106 

72,54 

99 

l 78 

)i » )) 


118 

92 1 

71,64 

12 

1 82' 

» )) ») 

A 

119, 

100 

57,07 

97 

\ 83 

» )) )) 

/, 

103 

93 

1 1 6,96 

13 

( 84| 

» » )) 

^ , 

118' 

106 1 

55,13 

102 

( 85' 

» » )) 

A 

120, 

97 1 

60,29 i 

14 

j 86| 

» » » 


120 

106 1 129,36 

101 

\ 87' 

» » )> , 

r, 1 

114 

96, 

130,67 1 

15 

96, 

» » » 

K . 

120 

97 1 

84,93 1 

1 891 

l 97| 

)) » )) 

A 

117' 

80 1 

148,91 1 

16 1 

):i809 

)) » » 


120 1 102 , 

89,22 

99 1 

l 10 

» » » 

A 1 

119 

95, 

89,03 

17 

1 

» )) » 

K ' 

79 

109 

44,26 

102 

l 12 

» 1) )) 

A 

72 

95 1 

88,14 1 

18 

/ 13i 

» » ») 

K , 

60. 

94 1 

81.14 1 

81 

1 14 

)) )) » 

A 

54 1 

67 1 157.60 

19 1 

1 15 

» » » 

A 

120 i 

103' 

102,84 

100 

l 16, 

» » )) 

A 

106 

97 

88,69 

20 

1 18' 

» « » 

1 

120 

99 

62,54 

92 

1 19, 

» » » 

A 1 

118 

84 

94,81 

I 

21 

[ 22 

» » » 1 

A* ' 

40 1 

104, 

70,54 

101 

l 231 

» )> 

A , 

35 

97' 

102,71 

22 ^ 

( 37 

Kämpe l 


118 

llOi 

61,56 

112 

l 38 

)) 

i'! 

A ! 

119 

1131 

87,41 

23 ^ 

1 41 

1 42 

)) > 

» 

40 

8 

99 

86* 

80,49 

3i),71 

96 

24 !| 

( 44, 
[ 451 

» 

» 

A^ 1 
j. 

39 1 
5! 

l]6i 

1151 

73,89 ' 
77.25 ' 

116 


51.60 

89.60 

52.77 

81.07 
48,74 

122,12 

74.80 
118,14 

96,03 

80.08 

121,00 

96,32 
78,11 
155,22 
188,72 
101,33 
1 1 1,06 
299,68 
104,82 
i:j4,88 

96.80 
76,72 

96.77 

72.60 


46,84 

63,60 
51, U5 
72,04 
42,32 
110,89 
25,50 

54.10 
72,8* 
68,06 

72.10 


609,00 j 

5733.00 
108 , 00 | 

2160,oo| 

488.00 

975.00 

3920.00 

15360.00 

i 

860, oo| 

946.00 

1 1662.00 


84,84 2719,00 
57,73 4888,00 
130,00 5850,00 
116,51 17157,ooj 

89.16 2984, 00| 

65.17 7399,00 
1 17,32 20724,00 

96,2 1' 2034,00 
78,r.4 13432,00 
85,52 920,00 

74,54 591 ,00 

73,05 1 1 60,oo 
74,21, 5,00 


STUDIES IN FERTILITY AND INBREEDING 


6a 


a 

s 

o 


o 


Basic population 


lÄ c 


° i « 2 

SL, jS ^ 


•5 ® ! 0» Ä 

sc X. I J5 I 


25 r 

28 I 

29 j 

30 j 

31 { 

32 { 

33 I 

34 j 

35 { 

36 I 

37 I 

» I 

39 ! 


146 

Kämpe 

K 

118 

123 

42, ni 

47 

» 

A 

120 

111 

73,10 

50 

» 

/v 

58 

107 

90,8» 

51 

» 

/. 

58 

94 

165,:i2 

52 

» 

l\ 

40 

107 

142,02 

53 

» 

A 

17i 

98 

57,81 

54 

» 

k 

120 

116 

104,19 

551 » 

A 

117 

103 

215,37 

56' » 

k 

120 

114 

106,21 

57 

» 


119 

106 

61,10 

58! u 

k 

40 

115 

86,50 

59 

» 

A 

16 

101 

157,13 

60 

» 

k 

' 40 

109 

11,74 

61 

)) 

A 

17 

109 

16,06 

62 

(lloria 

K 

40 

103 

44,07 

63 

)) 

A 

11 

97 

254,30 

64 

» 

k 

40 

101 

30,33 

651 » 

/, 

11 

101 

20,80 

68 


K 

40 

103 

86,79 

69 


/, 

7 

93 

1 37,8.1 

70 


K 

33 

95 

116,47 

71 


A 

10 

83 

237,00 

71 



31 

98 

1 05,30 

75 

» 


10 

96 

131,89 

76 


k 

34 

98 

44,30 

77 


A 

9 

81 

292,30 

80 

» 

K 

34 

101 

53,(8 

81 


A 

8 

87 

75,14 

82 



108 

91 

61,48 

83 

» 

A 

107 

76 

U),7r, 



CQ 


117 

94,01 

58,11 

8568,00 

101 

169,86 

128,11 

4930,00 

105 

133,79 

118,16 

993,00 

110 

182,69 

,159,07 

5733,00 

110 

99,61 

83,90 

3824,00 

111 

1 14,96 

106,17 

2210,00 

109 

41,32 

45,13 

0,oo 

102 

92,00 

87,1.', 

315,00 

101 

27,82 

28,39 

O.oo 

101 

104,78 

93,60 

608,00 

92 

165,88 

1 12,93 

1 107,00 

98 

109, 65 

111,44 

40, (JO 

95 

123,79 

92,78 

1395,00 

98 

86,95 

57,28 

1274,00 

83 

109,54 

52,99 

1 21 55,00 


r7-^-aH5.<i{ and J)(‘tw(‘i*n lht‘ K families — 18 . 7 ,^, wliich fiirnislies a 
stalislically sif^nilicant iirool that iho (JiilVrenliation is ^neatiT ludwcHai 
the / t‘amilu‘s Ihaii ludwcrn llu» K lamilies. The coenicienl ot correla- 
lion hcdween Uu* inortalily in tlio / fainilies and that in tho correspoiid- 
ing K tamilies f^ives /• ~ - ()ji7.s, which has no slalistical si^nirican(M\ 
Jn th(» niatiTial aJter the 1927 inother plants which survived only 
one Nvinter, the niortality is lower, aiiioiinlin^ on the average to 6,3 in 
the / lamilies and 0,7 % in tlie K fainilies. l^veu in Ihis material the 
average mortality is, as we see, considerahly higher in the I material 
than ill the K material. In 18 groiips all the plants planted out were 
still living and in the olher groiips the rate ol‘ mortality is, with hiit 
one exception, higher in the / lamilies than in the K lamilies. The 
highest percentage ol dead plants is 46,5, which occurred in an I 
lamily, wheroas the highest ligiire lor the K material is 6,9 %, Il is 
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quite manifest that a greater differentiation in the duration of life has 
occurred in the / material than in the K material. Some families with 
a high rate mortality also show a relatively large number of chlorophyll- 
deficient individuals. 

Height. — In the progenies from motlier plants chosen in 1926 the 
variation in height was detcrinined in 39 groups of l and K families. 
The averages for each family and the extent of the variation within 
each family, witliin each group and belween the families within the 
groups are presented in Table 29. From this table it will be seen that 
the average heights an» in general lower in the / families than in the 
K families. 

The variances in the difiorent lamilies \ary very miich, being somelimos higher 
in the 1 family and sninetinies higher in Ihe K family of the same group. In the 
last Ihree columns of Table 29 will be found the lotal variance within the group, 
var^, the iiitra-faniily variance, var^^j,, and the inter-lamily variance, var^^. All these 
variances are very variable within the ditferent groups. In most groups varp has a 
greater value than var^^j, and therefore there is a greater variation between the 
families than \Nilhin the families. In Common commercinl this is the cuse in all 
groups and there is a statistical significance that the difterences really exist In all 
hut one group, group No. 3. In one of these groups the / family is taller than the 
K family hut in the other groups the / family is lower. In group 3, where no 
significance evists for any real difference, the means of the 7 and K families caniiot 
be shown lo be uneejual In strain 121 all groups can be shown to be significantly 
differentialed, with ditferent means lor the 7 and the K families, the 7 families heing 
generally lower. In the 10 groups of Kämpe examined the height cannot be sliown 
to be signiticanlly different in the 7 and K families of groups 24 and 31, in the 
other groups, however, the means of the 7 and K families are significantly different, 
the 7 tamilv being lower in 7 groups and higher in one group. No. 22. In Gloria 
.'i ot the groups exhibit significant differenct»s in height between th(‘ 7 and K families, 
whereas in ihe reniuining groups (Nos. 31, 33 and 30) no differentiation in height 
can be shown between the families. 

In cxumining the variation of height in the material after the 1927 mother 
plants we lind a similar slate of affairs as in the material trealed above. In Table 30 
it will be seen that all groups ol Kämpe - 5 with h and 2 with 7,1 families — show 
lower means in the 7 lamilies than in the K families, but in one group. No. 7, this 
difference in height is >siihout any .significance. Of the groups tested in strain 121 
Ihree ol them consisted of fs families and the olhers of U families along with their 
corresponding K families Two ot the 7? lamilies are lower than the K families with 
signiticanlly difterent means, the third (No. 9) is also somewhat lower than the 
K family, but the difference is too slight to have any significance. Of the groups 
comprising h lamilies one ot them (No. 26) shows an insignificantly higher mean 
in the 7 family, in another group (No. 28) the means are the same in both families. 
In 4 of the groups (Nos. 18, 19, 24 and 29) the h families are insignificantly lower 
than the K families. In 6 ol the h groups in this strain there is thus no certain 
differentiation between the 7 and the K families, while in the remaining 21 groups 
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TABLE 30. Analysis of Variance of the Heiyht of Inbreeding Material in 
Timotliy, l Solutions in 1927. Measurements in 1929. 
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108 

73,13 

1((9 

89 

( 81 

» 

)) 

L 

20 

109 

29,21 

70,97 

10 

» 

» 

k 

100 

105 

100 

1 83 

» 

») 

'i 

991 95 

48,85 

! 11 

14831 

» 

1) 

40 

124 

162,05 

1 120 

1 30 

» 

» 


28 

114 

213,411 

i 12 

1 33 

» 

» 

k 

116 

123 

149,53 

1 

1 

l 32 

» 

)> 

1. 

113 

105 

176,64 

13 

1 35 

» 

») 

k 

139 

124 

1 117,29 

; 118 1 

1 34 

» 

» 

h 

117 

112 

1114,41 

1 74,33 
145,69 

1 203,85 
150,10 

14 

f 37 

» 

» 

, k 

40 

33 

119 

‘ 113 1 

1 36 

» 

») 

h 

106 


1 39 

)) 

» 

A' 

120 

121 

1 

1 115 1 

! 

1 38 

» 

)) 

/, 

104 

108 

' 16 

( 41 

» 

» 

k 

80 

117 

1 124,891 

1 111 ! 

l 40 

» 

» 


70 1 103 

' 118,6.1 

' 17 ' 

J 43 

1 » 

» 

k 

40 

124 

! 77,67 

121 

1 42 

» 

» 


9 

111 

1 382,03 

18 

1 15 

» 

» 

k 

40 

114 

. 67,26 

114 i 

1 44 


)) 

I, 

4 

112 

' 22,00 

1 19 ' 

1 1 

i 

1 

» . , 

1 k 

119 

106 

88,93 

, 105 j 

1 

1 47 

» 

» 

1 . 

118 

104 

1 96,99 

1 20 

/ 50 

1 » 

» 

k 

120 

112 

105 

125,24 

' 109 , 

1 49 

» 

» 


117 

i 169,44 

i 21 ! 

( 52i » 

0 

k 

791110 

1 89,67 

93,41 

77,63 

112,52 

108 

l 5l! » 

» 

I, 

74 

106 

22 

I 

( 54 » 

t 53 » 

» 

)) 

k 

h 

60 

43 

117 

107 

113 

23 ; 

i 59 ; )) 

1 58 » 

» 

» 

k 

40 

7 

113 

100 

90,38 

48,67 

77,16 

179,10 

111 1 

24 1 

i öl 

» 

» 

1 k 

32 

103 

102 ' 

1 

i 60 

» 

)i 

T 

' ^8 

11 

98 




99 1 151,41 1 87,641 
109 1 121,63 j 98,r.o| 
255,48 150,84 
57,59 57,99 


2440, oo' 

2510.00 
21 51, oo' 

I 

3340.00 1 

! 

1648,oo' 

4964,00 

31,00- 


103 259,44 1230,391 1481, o 


I 


58, i2 58,74 


40, 00 
2223,00' 


1618,00 

114 ' 213,5,-. 162,oi;i8549,ooj 
118 1 l-il,«6 115,>« 9216,00 


62,91 


94,90 

115,82 


Hcreditas XfX. 


64,02 1 6,00* 

92,94 237 , 00 ! 

* t 

147,00 2952 , 00 ' 
91,48- 612,00 
92,14 2508,00 
84,82- 8630,00 ' 
102,021 208, 00 ' 
5 
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Group 

No. 

Family 

No. 

Basic population 

Inbreeding i 
generation { 

O 

t- ^ 

el. 

6 . 

i,a 

s 

1 

Varlance | 

Group 

average 

« 

> 

n 

u 

$ 


25 

14863 

Strain 

121 

K 

37 

109 

113.33 
16,00 
86,50 
63,71 
62,05 
89,46 

123.33 
173,64 

86,13 

573,00 

56,52 

126,51 

121,13 

209.78 
143,84 
175,21 
156,75 

55,84 

103,27 

160,35 

255,62 

188.78 
220,03 

167.70 
141,08 

109.70 
85,70 
73,60 

118,26 
46,82 
104,53 1 
100,6o' 

92.02 
93,96 

125.20 

120.21 

52.03 

35.55 
1 00,69 1 
135,361 

75,44 

89,07 

72.56 

108 

126,08 

108,21 

805,00 

1 62 

» 

)) 

L 

3 

92 

26 

f 65 

)> 

» 

É 

40 

117 

118 

75,77 

75,77 

76,00 

1 64 

)) 

)) 

h 

36 

119 

27 

1 67 

» 

)) 

É 

40 

102 

99 

91,80 

68, M 

1256,00 

I 66 

)) 

)) 

h 

14 

91 

28 

/ 69 

)) 

)) 

a’ 

117 

99 

99 

145,16 

145,85 


1 68 

» 

» 


95 

99 

0 

29 

f 71 

)) 

)) 

i! 

40 

103 

103 

119,86 

120, to 

76,00 

l 70 

)) 

)) 


4 

100 

30 

1 73 

)) 

)) 

jt 

100 

109 

101 

1 47,83 

91,61 

11300, 00 

{ 72 

» 

)) 

4 

100 

94 

31 

f 75 

» 

» 

i 

158 

97 

89 

227,»7 

164,80 

19712,00 

{ 74 

» 

)) 

4 

150 

81 

32 

1 77 

» 

)) 

a’ 

58 

98 

88 

295,50 

156,58 

13640,00 

1 76 

» 

)) 

h 

40 

74 

33 

34 

79 

)) 

)) 

A* 

117 

98 

97 

108,35 

106,20 

583,00 

1 78 
f 81 

D 

» 

>' 

)) 

é 

117 

100 

84 

149 

95 

105 

{ 80 

)) 

)) 

L 

9i 

99 

177,84 

129,30 

8976,00 

35 


» 

)) 

/? 

93 

90 

241,86 

231,24 

2717,00 

( 82 

» 

)) 

L 

86 

40 

86 

36 . 

[ 85 

)) 

)) 

j? 

98 

94 

255,14 

209,35 

2499,00 

( 841 

» 

)) 

4 

11 

81 

37 

87 

)) 

» 

rf 

39 

96 

93 

133,70 

126,31 

1 

666,00 1 

86 

» 

)) 

L 

35 

90 

38 

4945 

Gloria . 


rf 

131 

68 

113 

107 

111 

89,40 

81,68 

161 2,00 1 

i 44 

)) 

L 

39 

f 47 

» 


39 
18 

119 

120 
120 

29 

100 

|100 

40 

39 

40 
26 

99 

1 98 

98,05 

1 96,18 

201,00| 

[ 46 

» 

L 

95 

40 


» 

it 

104 

107 

108,64 

102,56 

1 

l«)51,ool 

1 48 

» 

L 

109 

41 r 

i 57 

» 

A 

116 

114 

119,45 

9.3,12 

3989,00 

56, 

» 


L 

103 

42 j. 

86 

Finnish 


A 

105 

97 

186,41 

122,71 

12896,00 

l 85 

» 


L 

89 

43 l 

r 88 

» 


A 

111 

108 

51,90 ' 

43,44 

711,001 

l 

» 


u 

105 

44 l 

f 91 

» 


A 

102 

96 

167,03 

114,23 

3516,00 

l 90| 

» 



87 

45 1 

f 931 

» 


A 

80 
; 80 
79 

109 

109 

82,69 

82,71 

89,00 

l 92 

» 


L 

110 

4fi ' 

f5039 

Freja . 

» 


A 

118 

116 

94,04 

88,97 

1027,00 


l 38 


L 

79 

113 

105,37 

98,21 

Al 1 

/ 27 

Primus 


A 

40 

112 

109 

169,07 

108,35 

2780,00 

4/ 1' 

I 

l 26 

» 


L 

5 

87 

207,25 

111,21 

70,80 

62,46 

44.03 

ilft 

I *11 

Russian 

A 

40 

121 

120 

97,36 

98,00 

60, 00 

4o j 

l 30 

» 


r 

20 

119 

110 

JO ^ 

f 35 

» 


A 

40 

103 

95,61 

53,24 

3400,oo 

49 , 

l 34 

» 


L 

40 

97 
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TABLE 31. S limmar izing Analysis of Variance of the Whole Timothg 

Material in 1929. 


Number 



Plants 

1 

Families 

c« 

a 

s 

o 

u 

O 

Height 

average 

cm. 


D. F. 

1 

Variance i 

1 

Isolatioiis in 1926 

After free flowering. K... 

2976 

39 


106 

_ 



Within families 

— 

_ 


— 

212665 

2937 

i 72,41 

Between » 

__ 

— 

— 

— 

146670 

38 

3859,74 

Total 


— 

— 

— 

359335 

2975 

120,78 

After isolation. 1 

2400 

39 



95 


— 

1 

- 

Within families 

— 


— 

— 

224461 

2361 

1 9o,o7 

Between » 



- 

_ 

2.56868 

38 

67.59,68 

Total 


_ 



481329 

2399 

200,64 ‘ 

Isolations in 1927 

After free flowering. K... 
Within families 

3505 

49 


108 

399(>00 

3456 

1 1 1 5,6.7 

' 6234,92 

Between » 

— 

- 



299276 

48 

Total 





698876 

3504 

199,4^1 

After isolation. 1 

Within families 

Between » 

2628 

49 

- 

99 

310269 

29iH)34 

2579 

48 

1 

120,31 , 
6042, .78 1 

Total 

-- 



1 

1 

600303 

2627 

1 228, .71 

Isolations in 1926 and in 1 




1 

1 

i 


1 

1927 together 1 

After free flowering. A" .. 1 

6481 j 

! 88 


i 

107 1 



1 

Within families | 

1 

— 

— 

_ 

612265 

6393 

95,77 

Between » 1 



— 

- 

461799 

87 i 

5308,01 

Total 1 


-- 

1 

1 

1074064 

6480 

165,7.7 

After isolation. I 

5028 

88 , 


97 

- 


— 

Within families 

Between » 

z 

1 

1 

r j 

534730 

561519 

4940 1 
87 1 

j 108,24 
6454,24 

Total 

1 

- 

1 


1096249 1 

5027 1 

1 

1 218,07 

K- and /-families in 

i 

1 

1 



1 


groups 

Within families within 

11509 

176 ! 

88 

103 


— 

— 



1 

1 

1 




groups 


- 

1 

— > 

1146993 

11333 

101,28 

Between fam. within 
groups 





1 

1 

346463 1 

88 

3937,08 

Total within groups ... 




— 1 

1493456 1 

11421 1 

130,76 

Between groups 

— 

— 

— 


1005744 1 

871 

1156(i,28 

Total 

— 

- 

— 1 

-- 

2499200 1 

11508 1 

217,17 





68 


FREDRIK NILSSON 


a significant differentiation ha& taken place, resuUing iii lower means in the h 
families thaii in the K tamilies. The material in Gloria eousists of 4 groups, 3 of 
which have significantly ditfcrent means in the I and K families, two of them (38 
and 41) having lower means in the I families and the third (No. 40) having a higher 
mean in Ihe i family than in the K family. No differentiation can be shown in 
group No. 39. In the Finniith timothy there are also 4 groups, the height of one of 
w^hich (No. 45) is slightly dilfercnl in the h and the K family, in the other three 


TAHLE 32. Analysis of Vnriance of the Heiylit of Common Commercial 

and Finnish Timothy, 


1 

Number 

(h 1 

\ Vi .Si ! 

a s 

; ^ s 1 

! Cu « ' 

II, 

1 

1 Height 1 
1 average i 
cm. 

1 

1 

2'd’' 

I). F. 

1 

I 

1 

1 

\^ariance* 

1 Common commercial. Isol. in 


t 

1 

1 

1 


1 

' 

1 WW 

i 


1 



1 

1 A fler free flowering. K 

747 ' 

10 , 

106 

— 

I 


1 Within families ' 

- 



42263 , 

737 1 

57,84 

1 Hetween » j 


— 1 

— 

14024 1 

9 1 

1558,22 

Total 1 


I 

1 - 1 


56287 

1 

75,45 

After i.solation h 

5.55 1 

10 ' 

97 




Wilhin families 

1 

— 1 


1 35915 

' 545 

1 65,90 

1 Between » 

— 

1 

— 

' 30053 

1 9 

1 3339,22 . 

Total 1 

1 

1 

' 1 
1 

1 — ‘ 

j 65968 

1 .554 

119,08 1 

Finnish timothy. Isol. in 19TI 


1 


1 


1 

After free flowering. K 1 

1 260 

1 4 

107 


- 

__ 

Within families 


1 i 


' 24.511 

1 256 , 

1 91,9(5 

Between » 

1 _ 

1 

1 

2;i60 

' 3 i 

1 786,(57 

Tolal 

- 


1 

, 26671 

1 2.59 

102,98 

1 After isolation. 

245 

4 

1 98 

1 



t Within families 

. — 

— 

— 

23744 

241 1 

98, .52 

j Between » 

— 

1 

— 

i 24677 

•■1 1 

8225.67 

' Total 

- 

! _ 


1 48421 

i 1 

1 198,4.', i 


the / families show a signiticaiitly lower mean than the A' families. Of Primus and 
Frejd only one group of each was cxamined and in bolh of them the means 
ohlaiiied are sigmtieaiitly lovser in the / family than in Ihe K family. The two 
groups ol Pussidii timothy difler in thal one of them (No. 49) shows an intense 
diilen ntiatiou >\liile the other (No. 48) exhibits a slight ditference without significancc. 

From llu* suinmariziiig analysis of variance given in Table 31 it is 
evident thal hy grouping the / families and the K families separalely 
a (jreater total variation is ohtained in the l material than in the K 
material. In the 1920 progonies a significant difference can be shown 
between the intra-fainily variances as well as between the inter-family 
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variances, whereas in tlie 1927 progenies a significant dilference can be 
shown only between the intra-iamily variances. The diflVrence iound 
in the intra-laniily variance iii the l and K material signifies Ihat on 
the average the variation is greater within the families alter isolation 
than aftcr Iree tlowering. In the 1926 progenies the difference between 
the intertamily \arianres shows a more intense diilerentiation between 
the laniilies aller isolation than atter Iree tlowering. lii Ihe 1927 
progenies it is not possible, however, to show^ Ihat tbis diilerentiation 
has been greater aller isolation than alter Iree tlowering. 

The analysis ot variance ot the material combined inlo groups of 
one 1 and one K lamily Irom the same mother plant as given in 
Table 31 show^s that in addition to Ihe diilerentiation between the 7 
and K material menlioned almve Ihere is also a verv great differentia- 
lion betw^een the groups. The inter-group variation is much greater 
than the total intra-group variation As Ibere exists a great statistioal 
significance it implies thal the groups are v\ell difterentialed. In spite 
ol the diilerentiation existing between / and K lamilies they h)rni 
together, when derived Irom the same mother plant, vvell-delined lieight 
populations. Tbis diilerentiation between the groups is evidentlv 
gr(*ater than the diilerentiation between the lamilies withm the groups. 

In the progenies alter the 1926 mother plants the correlation 
obtained between the mean heights in / and K Irom the same mother 
j)lant is r- *4 0,7748 (39 pairs) and in progenies alter llie 1927 mother 
plants r— f- 0,7r>3 (49 pairs) llolh are verv signilicanl. From tbis 
il is evident ihat the mother plants leave Iheir mark verv deeplv on 
Iheir progenies not onlv in isolations bul also in Iree tlowering. 

The diilerentiation within each separate strain is more or less 
pronounced in the various strains. In Common commereuti (Table 32) 
the tolal variation in the / material is signiticantlv greater than in the 
K material. The diilerentiation cannot. however, be shown to l)e 
signiticantlv greater between the / lamilies than between the K lamilies. 
In the Finiiish iimothy the same conditions prevail as in Common 
commercial, but there also the I families are signiticantlv more dil- 
lerenliated than Ihe K lamilies. lii (Uoria (Table 33) no siich difterence 
can be demonstrated betw^een the / and K material. In the Glorin 
material trom the 1927 mother plants even the total variance is not 
signiticantly greater in the I material than in the K material. In Kämpe 
(Table 34) the dilferentiation between the lamilies in the 7 and K 
material is approximately the same. Neither in the groups with 7i 
families nor wdth 7j families can any statistical prool be obtained ihat 
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the differentiation is greater in the I material than in the K material. 
The total variance in the h material is about the same as that in the 
Il material, as the difference is not significant. In Table 35 it will be 
finally seen that in strain 121 a difference in the differentiation between 
the I and K material can only be demonstrated in the h material from 
1926. No such significant difference can be found in the h material. 


TABLE 33. Analysis of Variance of the Height of the Gloria Strain, 



' Nur 

! 

t ^ 

c 

CQ 

S 

nber 

09 

.SJ 

e 

OB 

tu 

Height 

average 

cm. 


D. F. 

Variance 

Isolations in W26 

After free flowering. K 

360 

8 

97 




Within fainilies 

__ 

— 

— 

22757 

352 

64, »5 

Between » 

- 

_ 

— 

8149 

7 

1164,14 

Total 


__ 

— 

30906 

359 

86,u9 

After isolation, 

173 

8 

82 




Within fainilies 

— 

— 

1 

14719 

165 

89,21 

Between » 


1 

— ! 

13351 

7 i 

1907,23 ; 

Total 

1 

— 

. 1 

1 28070 

172 , 

i 

163,20 j 

Isolations in 1927 

After free flowering. K 

409 

1 

4 

1 

110 ! 


1 

1 

1 

Within fainilies 

i - - 


— 

39039 , 

405 

96,39 1 

Between »> 


— 


14502 1 

: 3 

4834,00 ' 

Total 1 


— 


53541 

408 1 

131,23 1 

After isolation. ! 

235 j 

4 

107 ' 


_ i 

) 

Within fainilies | 


— 

1 

20336 , 

231 

88,03 , 

Between » i 

; _ 

1 

t 

3536 ' 

3 1 

1178,67 1 

Total 1 

- i 

1 

1 

23872 ' 

234 

102,02 1 


In the latter case Ihe differentiation is greater after free flowering than 
after isolation, wliich miglit however be due to chance variation. 

Within eacli of the strains there is a significant differentiation 
between the fainilies within the groups as well as between the groups 
ot fainilies derived from tlie same niother plant. 

As already made evident by the various tables the so-called iii- 
breeding effecl, L e. the difference in height between K and I fainilies, 
seems to vary considerably in the progeny of different inother plants 
(Tables 29 and 30). Although a statistically demonstrable decrease in 
height has taken plaee in the majority of cases after sclf-fertilization, 
still in a few cases the height is not significantly different in I and K 



STUDIES IN FERTILITY AND INBREEDING 71 

families. After inbreeding of 3 out of 88 mother plants the lieight is 
significantly greater in the l family Ihan in the K family. An exhaustive 
analysis of variance of the inbreeding effect also shows that Ihe dif- 
ferences in the inbreeding effect in progenies after different mother 


TABLE 34. Analysis of Variance of the Height of Kämpe Timothy. 



1 Number 

09 1 

1 1 ' 1 

1 - , 2 

1 1 

, Height 1 
average 
cm. 


1). F. 

1 

Variance 

1 

Jsolations in 19W 







After free flowering. K 

73:$ 

10 

. 113 

- 



Within families 


— 

__ 

59040 

723 

81,66 

Between » 

— 


1 

26581 

9 

' 2953,44 

Total 

i 

- 


85621 

732 

116,97 

After isolation. 

' 596 

10 

106 

_ 




Within families 

„ 1 

— 

— 

65278 

586 

111,40 

Between » 

- 



23482 

9 

2609,11 

Total 


- 


88760 

595 

1 149,18 

Jsolations in 1927, I 







After free flowering. K 

280 

5 

99 



1 — 1 

Within families 

— 


i 

25953 

} 275 

94,37 1 

Between » 



— 

12760 1 

1 4 

' 3190,00 1 

Total 

— 

- 

— 

38713 

1 279 

1 138,76 

After isolation, /j 

218 

5 

89 




Within families 




16441 

, 213 

77,19 

Between » 




7211 

! 4 

1802,75 > 

Total 



- 

23652 

j 217 

109,00 1 

Jsolations in 1927, II 




1 

1 


After free flowering. K 

77 

2 

119 


1 

t 

Within families 


- 

, 

7679 1 

1 75 

102,39 1 

Between » 

- 

— 

- 

308 

1 1 

308,00 ' 

Total 

— 

- 

1 

7987 

76 

105,09 ( 

After isolation, /g 

1 40 

2 

113 

- 


^ t 

Within families 



— 

3052 

1 38 

80,32 j 

Between » 

— 

— 

— 

5875 i 


5875,00 1 

Total 

1 _ 

— 

1 

1 

8927 

39 

228,90 


plants are significant. The results of this analysis are given in Tables 
36 and 37. From Table 36 it is evident that the inter-class variance 
of the inbreeding effect in all strains is considerably greater than the 
intia-class variance. This is true of the material after the 1926 mother 
plants and of that after the 1927 mother plants. This difference between 
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4 


the inter-class and intra-class variance is significant in each individual 
strain. 

In analysing the variation in inbreeding effect between the strains 
examined it is found (Table 37) that the variation between the strains 


TABLE 35. Analysis of Variance of the Height of ihe Strain 121. 



1 Number 

1 

n 

C 1 S 

5 i 

, G, 1 

Height 

average 

cm. 


D. F. 

- 

Variance 

Jsolations in 1926 







After free flowering. K 

1136 

11 

102 

— 

— 


Within families 

— 

— 

— 

88605 

1125 

78,76 

Between » 

— • 

— 


18275 

10 

1827..-io 

Total 


_ 

- 

100880 

1135 

94,17 

After isolation. 

1076 

11 

91 

- 

— 


Within families 


— 

— 

108549 

1065 

101,92 

Between » 

— 

— 

— 

66875 

10 

6687,50 

Total 

— 

— 

— 

175424 

1075 

163,91 

Jsolations in 1927. I 







After free flowering. K 

180 

3 

105 




Within families 

— 

— 

— 

18965 1 

1 177 

1 107,15 ' 

Between » < 




400 

2 

200, 0» 1 

Total 

- 

— 

- 

19365 

179 j 

1 108,18 < 

After isolation. J^ 

123 

3 

97 1 

— 1 

1 

! 1 

Within families 

— 

— 

- 

5927 ' 

120 1 

49,59 

Between » 1 




3952 1 

2 

1976,00 

Tolal 1 


— 1 

_ 1 

1 

9879 1 

122 i 

i 

80,98 

Jsolations iji 1927. II * 

1 


1 

1 


1 



1 

After free flowering. K j 

2100 

27 1 

109 


2073 1 

— 

Within families ' 

— 


. — 

267840 


129,30 

Between » i 

( 

— 


— 

219555 

26 1 

8444,42 

Total i 

— 

! 

— 

487395 1 

2099 , 

232,a» 

After isolation. /, 1 

1623 

27 

99 

i 




Within families 

— 

— 

— 

228207 i 

1596 1 

112,99 

Between » ' 


— 

— 

176560 1 

26 1 

6790,77 

Total , 

1 

— 1 

_ t 

— 

404767 1 

1622 1 

249,55 


is greater llian the total variation within the strains. Although the 
number ol’ mother plants examined in each strain is small these results 
may with a certain degreo of probability be regarded as indicating that 
by self-lerlilization different strains show on the average a different 
degree of inbreeding effect. 
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TABLE 36. Anafljsis of Variance of the Inbreeding Effect witlun 
Differeni Timothg Straim in 19W. 



1 

1 

1 n t ra c 1 a 

1 

2’d> 1 I>. K. 

s s 1 

1 

1 

' Vari- 1 
ancc 1 

1 n t c r c 1 

2’d“ I), F. 

a s s ^ 

Vari- 
' ance 

After isolations in 1926 

1 


1 ' 
t 

i 1 


1 

Common commercial strain 

1 78178,00 

1282 

1 60,98 

9709,23 

9 

1 1078,80 * 

Strain 121 

1 197154,00 

2190 

1 90,02 ] 

14853,26 , 

10 

1485,33 ' 

Kämpe 

1 124318,00 1 

1309 

1 94,07^ 

11887,20 ' 

9 

1 1320,80 

Gloria 

37476,00 , 

517 

1 72,1.1 

2924,47 1 

7 

' 417,78' 

1 

After isolations in 1927 



1 

1 




Kämpe 

^ 53125,00 

601 

' 88,39 

5090,71 

6 

1 848,45 

Strain 121 

' 520939,00 , 

3968 

' 131,29 

35308,96 1 

29 

1 1217,55 1 

Gloria 

, 59375,00 

638 

93,06 

6509,34 1 

3 

' 2169,78 1 

Finnish 

' 48055,00 1 

497 

' 96,69 

7194,50 ' 

3 

2398,17 1 

Russian 

9837,00 

136 

72,33 

3353,32 

1 

, 3353,82 


TABLK 37. Aiudysis oj Variance of the Inbreeding Effect between 
Differeni Timothg Strains in 1929. 


Number 

(»f 

groups 


Inbrecd- 
v/ '*1^*2 \ ing effect 




D. K. 


\'ari- 

ance 


A fler isotations in 1926 


Comnion conimcr- i 

cial vStrain 10 287,4 9,5 1 87887,23 1 1291 | 68,o8 

Strain 121 11 552, i 11,6 1212007.26 2200 96,37 

Kämpe 10 312,9 8, o ,136205,20 1318 103,34 

Gloria 8 105,8 10,6 ! 40400,4? i 524 77, lo 

Total within strains 39 1258,2 10,i * 476500,16 5333 89,35 

Between strains ... - 2752, oa 3 917,34 

! 

After isolations in 1927 , 

Kämpe i 7 142,9 9,i 58215,71 i 607 , 95, yi 

Strain 121 | 30 987,8 9,9 ,556247,96 13997' 139,17 

Gloria 1 140,2 2,3 65884,34 1 641 , 102,78 

Finnish | 4 125,5 i 8,9 55249, , , 500 I 110,5o 

Russian | 2 111,5 7,i 13190,32, 137 96,28 

Total within strains I 47 1507,9 ' 8,8 748787,83' 5882 127,3o J 

Between strains ... ' — — 7455, 01 ' 4 ' 1863,75 


Correlation between inbreeding effect and variance in the I 

familg. In order to ascertain in what degree a decrease in the heighl 

of progenies after isolation, as coinpared wilh K faniilies, is associated 
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with a wide segregation of various height-types in the progeny the 
correlalions were computed between the inbreeding effect in each group 
and the variance in the / families. The correlations within the separate 
strains are as follows: — 


Af ter isolatiom in 1926 



Number of pairs 

r 

Common commercial, Ii ... . 

10 

— 0,tm 

Strain /a 

11 

+ 0,3711 

Kämpe, h 

10 

+ 0,3951 

Gloria, h 

8 

+ 0,1938 

After isolations in 1927 

Kämpe, U and /» 

7 

+ 0,0548 

Strain 121. L and 

30 

+ 0,0943 

Gloria, Ii 

4 

0,0924 

Finnish timothy, h 

4 

+ 0,4568 


The correlations are very unequal but with the small number of 
pairs examined iii each strain no statistical significancc can be ascribed 
to any of the coefficients obtained. As no difference can be shown 
between the correlations in the different strains in either group of 
material an average correlation was computed for the 192(> material 
which is r = + 0,22öo, and another for the 1927 material, this being 
r = + 0 , 0961 . Since these correlations separately have no statistical 
significancc either and they cannot be shown to be different then the 
average correlation was calculated, which was found to be r = + 0,irMO. 
This correlation lias no significancc either, and therefore no significant 
correlation was found in the material examined. 

Calculation of the skewncss in height distribution. — The distribu- 
tion of the height variants after varying degrees of inbreeding was 
studied in the material tabulated in Tables 38 — 40. For this purpose 
the two strains, Common commercial and strain 121, were selected 
because they contained a relatively large number of individuals. 
Common commercial represents a material not previously inbred and 
strain 121 comprises progeny families derived partly from /x plants and 
partly from Ij. 

From Table 38 it appears that in Common commercial an almost 
normal distribution of the variants is obtained in some cases, in others 
positive or negative skewness occurs. From the values computed on 
the skewness il is seen that (i of the 10 A' families examined and 3 out 
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TABLE 39. Distribution of Height Variants in Strain No. 121 of Timothy. Proyeny of Irplanis. 
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of 10 /i families show positive values of skewness, bul none of ihem 
is slatistically significanL Of the other families, in which negative 
values of skewness were obtanieik only one K faniily shows such a high 
g value that it reaches twice its standard error. From the mean values 
in Table 41 il will be seen Ihat, on the average, no significant values 
of skewness were obtained in this slrain. Nor can any significant 
difference in the skewness in the / and K families be shown. Between 
the values of the skewness in the / and K families from the same motluT 
plant a ralher significant positive correlation (P — 9() : l()) is obtained. 
The variation of the skewness is insignificantly greater in the / material 
than in the K material. 

(ireater values of skewness were obtained in strain 121 than in 
Common coinmercutl. According to Table 39 negative values are pre- 
doininant in the progenies after /, plants. Among the K families only 
5 out of 1 1 show positivt* figures of skewness without any statistical 
significance, while the remaining 0 show^ negative values, 4 of which 
are slatistically significant. One of the /o families shows a positive 
skewness without any significance, the remaining len showing negative 
skewness, which is significant in 5 cases. On the average a suggestive 
negative skewness is obtained in the K families and in the 1. families 
Ihis skewness is significant. Th(‘ difference b(*tween 1. and K is not 
significant. A ralher significant correlation is found between tlie values 
of skewness in K and I. families from the same mother plant. The 
variation of the skewness is greater in / than in A, the difference is 
however not significant. 

In the prog(*ny families after L ptanls of strain 121 negative values 
of the skewness were obtained <Table tO) in all /.. and K families, which 
values an* significant in 8 K families out of 10 and significant, or at 
least suggestive, in all the /- families. The average values are verv 
significant in tlu' K as well as in the /. material (Table 41). A 
significant difference in the A*, values was obtained between the i. and 
the K material, but not in the g values. A positive correlation exists 
between the skewness in the K and the I> families, although this corre- 
lation is not significant vvith respect lo the g values. The variation of 
the skewness is greater in the than in the K material, but the dif- 
ference is not significant. 

From the comparison between Common commercial and strain 121 
il appears that Common commercud does not exhibil any demonstrable 
skewness in the distribution in C nor in K, whereas in strain 121 a 
rather significant negative skewness is obtained in the progenies after 
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TABLE 40. Distribution of Height Variants in Strain So. 12i of Timothg. Progeny of Irplants. 
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Il plants. Af ter h plants of the same strain a very significant negative 
skewness is obtained in K as well as in h families. In tlic material 
examincd here the skewness thus seems to increase with continued 
inbreeding. Between the g valucs of the progenies after h plants of 
strain 121 and those of progenies after /« plants in Common commercial 
a difference of 0 , 2 <m 2 + 0 ,i 9 i is obtained for K material and 0,1211 0,i82 

for / material. Between Ihe g valiies for the progenies after /o plants 
and h plants of strain 121 the differences 0 , 0)92 -f 0,224 (K material) 
and 0,5910 “to, 1H4 (/ material) are obtained. The variability of the 


TABLE 41. Mean Val nes of Skewness in Sweclish Common Com- 
mercial and Strain No. 121. 


Swedisli I Strain No. V21 

common | 

commercial ^ ^ 

strain | Progeny of 7, Progeny of 1 


Ä"-families, Avniean + O.oesi :i- 0,43»' — 2,258i 1 ,26i - 9,7053 Jb 2,444 

» )) (J » 4- 0,0513 dh 0,129 •— 0,2429 i: 0,145 0,8521 t 0,171 1 

1 » » + 0,7460 ir 1,119 3,5429 f 1,547 — 14,2437 rb 3,185 

» » g » |-^ 0,0338 dr 0,127i— 0,3903 dr 0,131'— 0,8813 d: 0,129 

Ditference of Avmeans (/ K) -) 0,6779 di 0,920 j— 1,2848 d- 4,5384 d- 2, 1 sa 
» » g » » 0,0175 dr 0,116 — 0,1474 d: 0,123' 0,0292 ib 0,187 j 

(korrelation between A*, in K- I | | 

and /-families 0,6io l-f- 0,580 + 0,729 

I (korrelation between ^ in A"- | ' 1 

' and 7-families -f- 0,584 -j- 0,:>6j 4- 0,241 , 

I of Avniean, A"- families I,87i7 ! 17,49 59,74 

» » » / » 12,5115 I 26,34 I 101,45 ' 

ö* ot the difference of Avmeans 1 

(I-K) 8,4675 ' 18,86 , 47,68 

ö* of the ditference of^z-means ‘ i 

(/- A) k 0,1353 ' 0,1853 0,3508 


skewness also increases very markedly in the K as well as in the I 
families with conlinued inbreeding. 

The differences in skewness !)etween the corresponding I and K 
families and the differences of their A*, values (inbreeding effects) are 
correlated only in Ihe progenies after 7, plants of strain 121, wiiere a 
suggestive negative correlation is obtained between the Aa differences 
and the Ai differences. Betw^een the corresponding g values and the 
Al values a negative correlation is found with a probability of 95 : 5. 

Pnnicle. --In connection with the analyses of fertility an account 
was given of the Icngth of the panicles in the mother plants in the 
isolations performed in 1927, when it was shown that the length of 
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the panicle varies in differenl plants. The length of the panicle in the 
progenics was determined on all isolated indivktuals during the years 


TABLE 42. Analysis of Variancc of the Panicle Length in 7 
L^-Families of the Strain 121, 


1 

1 

i 

1 

Panicle 

length 

average 

mtn. 


D. F. 

1 

Variance j 

1 

1 

Faniilv No, 3778 Witliin plants 


420 

10 

i 

42,00 

Between » , 


822 

4 

205,00 

Total 

49 

1242 

14 

88,71 

» 3783 Within plants 

— 

1199 

9 

133,32 

Between » 1 


2042 

4 

510,50 

Total ' 

69 

3241 

13 

249,31 

» 3785 Within plants 



734 

10 

73,40 

Between » 

— 

1140 

4 

285,00 

Total 

68 

1874 

14 

1 33,86 

» 3787 Within plants 1 

— 

310 

10 

31,00 

Between » i 


4179 

4 

1044,75 

Total 

69 

4489 

11 

' 320,04 

» 3810 Within plants 1 


452 

10 

' 45,20 ' 

Between » 

' — 

4368 

' 4 

' 1092,00 j 

Total 

54 

4820 

1 

1 344,20 1 

» 3814 Within plants 


685 

' 10 

) 68,50 

Between » 


1188 

4 

1 297,00 1 

1 Total 

60 

1873 

14 

133,79 

' » 3819 Within plants 



590 

10 

i 59,00 

Between » 

— 

888 

4 

! 222,00 

1 Total 

72 

1478 

, H 

^ 105,57 

i 

' AU Ihe families 



1 


1 Within plants within families 

- 

4390 

69 

63,02 

1 Between » » » 


14627 

28 

1 522,30 

1 Total within families 

! 

19017 

97 

1 196,06 

1 Between families 

— 

6924 

6 

1 1154,00 

t Total 

63 

25941 

103 

1 251 ,85 


1929 and 1980, in addition to which some families werc analysed in 
their entirety wilh respect io this character. Table 42 contains a 
sunimarizing analysis of variance of the length of the panicles in 7 h 
families of strain 121, Bolh the single plants and the families are 
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characlcrizcd by special averages, whicli as lar as the faniilies are con- 
cerned are statislically significanl. The inter-plant variance in all the 
faniilies is greater than the intra-jdant variance, and ilie avcrage dif- 
fercnce hetween them is significanl. A heredilary diflerentiation can 
be assumed to have taken place between the plants with a segregation 
of types having a varying propensity for the lengili of the panicle. 
It appears, however, as if this differenliation varies in degree in different 
faniilies, as the inter-plant variance differs very greatJy between the 
individiial faniilies. 

For compiiting the correlation belween the i)aniele length in the 
mother plants in 1927 and the progenies in 1929 therc were only 7 
pairs available, and in these the correlation is r = Wilh such 

a small iiuniber of pairs no great statistical significance, it is true, can 
be ascribed lo this correlalion (probabilily 89 : 11). hut as tlie rneasure- 

TABLF 4^1. Anfflijsis of Variance of the Panicle Length in Isolated 
Timothg Plants in the Year t9S(K 


1 

1 


I). F. 

\'ariance 

Within plants within faniilies . .. 

... . ' 44325,00 

182 

243,54 

Hetween » » » . . . 

. i 12005, 00 

28 

521 ,96 

Total within faniilies 

56880,00 

205 

274,78 

Hetween faniilies 

628 1 2,00 

14 

4486,57 

Total 

. . .. i 119142,00 

219 

544,o;i 


menls were made in different years and nevertheless siich a deeidedly 
positive correlalion is ohlained the correlation seenis lo be strongly 
suggestive. 

Tahle 48 presents a summarizing analysis of variance in the length 
of the j)anicles in plants isolaled in 1980, and from this tahle it is seen 
thal even in the material exaniined here a great differenliation occurs 
belween the plants within the famili(*s as well as IxMween the faniilies 
themselves. Kven if the variation within the faniilies is gr<*al they 
nevertheless constitiile populations wilh significanlly different averages. 

Correlalions, - — As already ineiilioned above a positive correlalion 
occurs between the seed selting after isolation and afler free flowering 
ill the 1927 material. As the differenliation in heighl and in the length 
of the panicles is also very pronouiiced il is of great inlerest to in- 
vestigate whelher the variation in one character depends on the varia- 
tion in another character. 

() 


Heredllas XIX. 
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In conjunction with the analysis of fertility carried out on the 
1927 material the correlation was examined between »self -fertility» 
and length of panicle, and in the material examined these characters 
were shown to be independent of each other (cp. p. 49). 

In the material examined in 1929 in respect of fertility correlations 
were a)mpuled between height and length of panicle and between 
height and seed setting in free inflorescences. Owing to the faet that 
only a few plants in each family were examined in all characters there 
is no possibility of showing correlations in all families, because such 
a small mimber of pairs cannot ensure any statistical significance for 
any possibly oceurring weak correlations. In families in which at least 
5 plants were examined the correlation coefficients were however 
caleulaled, and these are as follows: — 


Correlations: 1929, 


Family No. 

Number of pairs 

Height and pan> 
icie length 

Height and gen- 
eral fertility 

3778 . . . 

5 

4 - O,7()30 

-h 0,3%5 

3783 . . . 

5 

4- 0,6058 

4 “ 0,6057 

3785 . . . 

5 

+ O,.3()50 

4 ~ 0,6152 

3787 . . . 

5 

+ OjOOHS 

4“ 0,523'') 

3810 . . . 

5 

4" 0,4176 

4 - 0,27W} 

3814 . . . 

5 

0,lö7vS 

-f- 0,5689 

3819... 

5 

4 " 0,7978 

4 ~ 0,6109 

4874 . . , 

7 

4 " 0,7694 

4 ~ 0,7398 

4880 . . . 

5 

"h 0,6685 

+ 0,6355 

4884 . . . 

5 

4- 0,6721 

4 " 0,6935 

4985 . . . 

5 

4 “ 0,0350 

4 " 0,3732 

4990 . . . 


4 - 0,4534 

4 ~ 0,4855 


The correlations between height and length of panicle are, with 
but one exceplion, positive and in all the families the correlations 
between In^ight and seed setting in free inflorescences are also positive. 
The values, however. are nol statistically significant owing to the small 
number of pairs. However, as no significant differences can be 
obtained between the correlations in the different families a total 
correlation coefficient was computed for all of them. The values t hus 
found are r = + (),:)577 for height and length of panicle and r = + 0,5703 
for height and fertility. These correlation coefficients have great 
significance (P>99:1), for which reason it can be con.sidered as 
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proved that in the material tested the three characters iiientioned above 
do not vary independently. Ilence, the conehision can be drawn that 
both the variation in panicle lenf(th and the variation in seed s(»tting 
are associaled with the variation in lieiglit. 

The variation in faniUies inore closelij examined, — TJie progenics 
of two /a plants of strain 12t isolated in 1927 showed themselves to be 
exceedingly variable in several characters, and tlierefore each plant of 
the h families and of tlie corresponding K families was closely exaniined 
with respect to the length of their panicles and the tillering in addition 
to the height. The family No. 4933 mentioned above from Kämpe 
was also closely analysed, rnfortunately, this family has no correspond- 
ing K family but by way of coinparison the measureimmts of the mother 
plant are given instead. 

(iroup I, coinprising families 4870 and 487 7. — According 
to Table 30 the /n family 4870 is on the average lower than the 
corresponding K family 4877, and the difference between their niean 
heighls is significant. The family, however, is also less vigorous in 
other respects. For instance, of this family 27,2 % of the individuals 
planted out had died oul atter the winter of 1928—29, while of the 
K family only 3, a % had died. Of the reniaining 40 plants in the h 
family only 10 of them were entirely green, the others being more or 
less chlorophylbdeficient, the panicles being wholly or parlly albino. 
Among the 58 plants in the K family there were 4 plants with more or 
less albino panichvs. The mother plant, isolated in 1927, had }>een 
lecorded as having albino panicles and it was evidently heterozygous 
with respecl to the cai)acity of chlorophyll development in the panicles. 
Judging from the numerical proportion, 10 green : 24 albino, it seems 
as if a monohybrid segregation had occurred. If this is the case then 
we can assume that the 24 individuals are heterozygotes and that the 
homozygously albinotic individuals were less vital and had been 
eliminated. That the K family does not show more than a few plants 
with albino panicles may be due to extensive Crossing between the 
mother plant and male individuals with somc other factor, which caiises 
the normal development of the chlorophyll even in the heterozygous 
stage for the assumed factor for albino panicles. 

Besides the variation in development of chloroph\ll there occiirs 
also a pronounced variation in other characters. Three plants in the 
Ili family were recorded with very weak tillering, and the variation 
in height, panicle length and tussock formation is very great. 

The analysis of the length of the panicle is summarized in Table 44, 
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from which it is seen that the intra-plant variation in the h as well as 
in the K family is small in proportion to the great interplant variation. 
The differences havc very great statistical significance. The calculated 
intra-plant variation does not comprise the wholc of the variation 

TABLE 44. Analysis of Variance of the Panicle Leiigth of two 
IrFoniilies and Corresponding K-Fatnilies of Strain 121. 


I Panicle 



Number 1 
of plants 1 

1 

length 

average 

inm. 


D. F. 

Variance 

Family No, 4876 1^ 
Within ])lants 

4(1 1 

58 

2436 

80 

30,45 

Between » 


- 

29952 

39 

768,00 1 

Total 

Family No. K 

1 

58 ' 

75 

32388 

119 

272,17 

Within plants 

■" t 

- 

7134 

116 

61,50 

Between » 

1 


.30423 

57 

533,74 

Total 

— 

_ 

37557 

173 

217,09 1 

Group I W(l-i877 

98 1 

68 


__ 

— 

Total within faniilies 


— 

69945 

292 

239,54 

Between faniilies ... 

1 

I 

20526 

1 

20526,00 

Total 

- 1 


90471 

293 

308,77 , 

Family No, 4S8V /j j 

86 

1 

71 

_ 1 

* 

1 

1 

Within plants 

1 

1 

— ! 

3531 

169 

20,89 

Between » 1 

1 


74241 

85 

873,42 

Total ' 

1 

1 


77772 

254 

306,19 

Family No. ^^883 K | 

Within plants 1 

149 

76 ‘ 

4035 

295 

1 

1 

1 3,68 

Between plants j 

— 


151520 

148 

1044,03 

Total * 

1 

1 


158555 

443 

357,91 

Group II 488^J ~m3 | 

235 

74 


— 1 

— 

Total within faniilies 

— 

- 

236327 1 

697 

339,06 

Between fam ilies ... 

1 

— 

4071 

1 1 

4071,00 

Total ' 

1 

1 


240398 1 

698 

344,41 


occurring williin llu* plnnts, because only 3 of Ihe panicles were 
examined. However, as the corresponding panicles on the 3 lallest 
stems of all plants were examincd tlie limited variability wilhin the 
plants can no doubt he einployed for the purposes of comparison with 
the variation between those plants measured in the same manner. The 
existence of a greater inter-plant variation in the family than in the 
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K family may be regard(‘d as indicating a more intense differentiation 
between the plants after isolation, hut the difference is not great enough 
to have any significaiice. The two familics exhibit quite different 
averages for the lengtli of the panicle, 58 and 75 mm. respectively. 

Tlie tillering capacity of tlie families, which was determined by 
mcasuring the circumference of the plants after pressing the straws 
togethcr, varies considerably in both families. The average of th(‘ 
inbred family is 23 cm. whh a variance of 90,82, and that of the K 
family 34 cm. with a variance of 80, i4. The variability is therefore 
equally large in both families but the average is considerably lower 
in the /» family than iii the K family. 1'he united inter-plant varia- 
tion within the families in the groiip amoimts lo = 89,82 (l). V. = 96), 
while the inler-family variation is ö‘ ~2890,»m> (D. F. — 1). The dif- 
ference between these varianc(*s is significant and so it can be inlerred 
that the averages of the families are iineqiial and that therefon» the 
tillering is considerably poorer in the /., than in the K family. 

Thus, tlie families in this gronp differ, among other things, in the 
In family being lower and having shorter panicles and poorer tilhTing 
than the /v family. 

(iroup 11, comj)rising families 4882 and 4883. - These two 
families, the former an /.. family and the latter a K family, are derived 
from the s(»cond plant of straiii 121 inenlioned above. In this gronp 
the effecl of inbretnling has manifested ilself in a similar manner to 
that in (iroup I. In contradistinction to (iroup I, how^ever, Group II 
exhibits no chl(»rophyll varialion, all individuals l>eing apparently 
normal in this respect. Other sub-lelhal individuals appear, however, 
which can be seen, inhT alia, in their iinpaired winter hardiness. Out 
of 159 individuals of the /.* family 4882 planted out 73 died during the 
winter of 1928 1929, which is eqnal to a mortality of 45,‘) The 

mortality of the K family 4883 for tln* same period is only 
From this il is evident that the vegetative vigour of the inbred family 
is lower and this is also evidtait in the other analysed characters. The 
average height is lower in the 1^ family, Table 30, and the difference is 
significant. Table 30 also shows that the variation in height is greater 
in the K family, and although the difference is not significant it is at 
any rate suggestive. 

From the analysis of the length of the panicle in Table 44 it is seen 
that the totfil mean of the /» family 4882 is 71 mm. and that of the K 
family 4883 is 76 mm. Both the total variation and the inter-plant 
varialion are greater iii the A"-faniily, but no slalistical significance can 
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be found for the differences. The inter-plant variation in both families 
is, however, significantly greater than the intra-plant variation. At the 
bottom of Table 44 is seen how great a difference exists between the 
inter-family and the intra-family variation and this difference is very 
significant, for which reason the two families can be considered to have 
different average lengths of panicles. 

In the /« family the average of the circumference of the tussock 
is 22 cm. and in the K family 28 cm. with a variance of 131,53 
(I). F. = 85) and 254, n (D. F. = 148) respectively. The differences 
between the averages and between the variances are significant. Thus, 
it can bc shown that in this character the K family has a higher mean 
value and is more variable than the I $ family. 

The analyses of (iroup II have thus supplied evidence that an 
inbreeding effect occurs, which could be measured in winter hardiness, 


TABLE 45. Correlation Coefficients in the Families AS76, 4877, 

4882 and 4883, 



Group 1 

Group II 

Family No 

487() /« 

4877 K 

4882 /, 

4883 K 

Number of pairs 

40 

.58 

86 

149 

Height and panicle length i 

Height and tillering 

Panicle length and tillering I 

+ 0,7021 
+ 0,6229 
4 0,2709 

i 0,6G29 

1 4" 0,5912 

1 4~ 0,3766 

0,7638 
j- 0,7182 
4- 0,3942 

+ 0,7,523 
+ 0,3338 
4- 0,661,5 1 


height, lenglh of panicle and tillering. The mean valiics ot these 
characlers are in general lower in the /,$ family and indicate a lower 
degree oi vigour than in Ihe K family, but the latter exhibits the greater 
variation. 

(W)rrelations in Group I and II. — In order to investigate 
whether the inbreeding effect is inanifested simultaneously in several 
eharaeters the coeffieients of correlation were calculated between height 
and length of panicle and between height and tillering, The correla- 
lions found are given in Table 45. All the correlations are found to be 
positive and have great statistical significance. Thus, ihe probability 
that correlations really exist is more than 99 : 1, except in one instance, 
viz. beiween the panicle lengtli and tillering in family 4876, in which 
ihe probability in 40 pairs is only about 90 : 10. The most pronounced 
correlation is between the lieight and the length of the panicle, and 
this correlation is of the same magnitude in the families tested. A very 
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great part of the variation in the lengtli of the panicle is therefore 
dependcnt of tlie variation in the heighl. The analysis of inter-plant 
variation in the length of the panicle in fainily 4870 is presented here: — 


Total interplant 

Regression upon heighl . . . . 

Remaining interplant 

Intraplant 



D. F. 

Variance 

29952,00 

89 

768,00 

15537,60 

1 

1 5537 ,60 

14414,10 

38 

379,33 

2436,00 

80 

30.45 


The remaining interplant variance is significantly greater than the 
intraplant variance, which shows that, independent of the height, a 
marked variation in panicle length occurs between the planls. 

The correlations helween height and lillering are of the same 
magnitnde in hoth families of (iroup I, hut in Group 11 therc is a great 
difference helween tlie correlation coefficients of the and K families. 
z of Ihis difference is 0,533i with a standard error of 0.137.-), hence 
there (‘xisis a great signifieance for tlu» difference* l>(*tween these correla- 
tions. In the /:, family the height of the plant and the tillering are 
therefore more closely correlated Ihan in tlie K family. 

The direct correlations iudween tlie length of the panicle and the 
tillering are the same in hoth the /, and the K family in each group, 
hut helween the groiips there is a di\ergency with a weaker correla- 
tion in (iroup I than in (iroiip II. This difference is certainly not of 
an incidental nalure, as z of the difference hetween the two /, families 
amounts to 0,iOb3 4 O.aw? and Iietween the K families to (),3W5 4 0 ,!:) 82 . 
Thus we have here a case in which the correlations can he considered 
to he of different slr(*nglh in progenies after two different molher 
plants. 

The partial correlations hc*lween panicle length and lillering after 
eliminating height, are for family 4870 (), 28 mm, for 4877 — for 

4882 + 0,1015 and for 4888 -1 O.wir). Only in families 4876 and 4888 is 
il possihle to attach any statistical signifieance lo these correlations, 
hut of these it appears that in one case the length of the panicle and 
the lillering are correlated negatively and in the other case positively. 

The /i family 4938 from Kämpe. — Of all inhred families 
examined the /i family 4933 exhihits the mosl extensive and most 
conspicuous variation with a plainly perceiv(d)le effecl of inhreeding 
in a numher of charaeters. It was therefore analysed verv closely 
first in 1929 and then in 1930. Unfortimately, there is no K family 
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for the purpose ot comparison but the mother plant 4680 was 
vegetatively propagated and used for comparison in the various charac> 
ters. The characters subjected to a closc examination are, ferlility, 
height of plant, tillering and length of the panicle. 

The degree of ferlility was investigated in 20 plants after free 
flowering in 1929 and was Ihen found to be very low, on the average 
only 4,s seed per panicle cm. being harvested. In the same year 
measurements were oblained of the other characters, and atler all 
plants had been clonally propagaled in the autunin of 1929 six plantlcls 
were obtained of each clone. In 1930 the »self-ferlility » of all clones 
was studied, the results of which have been mentioned on page 59. 
Re-measurements ot the height were carricd out in 1930, while also a 
measurement ot the length ot the panicles was obtained in the same 
year during the fertility tests. 

Of the 80 plants planted out in 1928 75 were still alive in 1929. 
Several of them were, liowever, delicate and in the following winter 
7 more died off (dwarf-plants) so Ihat in 1930 only 68 individuals 
remained. The vigour of the plants was very variable, manifesting 
itself in a prommiiced variation, for instance, in the height and tillering 
ot the plants and in the devclopmeni of their panicles. No variation 
in chlorophyll oceurred, however, all individuals appearing to be 
normally greon. Soine abnornialities appeared in respecl tf) the develop- 
ment of the panicles. Of the 68 individuals examined in 1930 foiir 
developed only small dwarfy panicles with abnormal florets, \>hich 
dropped a t flowering tiine, leaving the racliis eiitirely bare. 'Fhese 
plants represent one extreme with rt^gard lo ferlility, transitional types 
of all kinds being found right up to almost fuli terlility. 

The average height in 1929 aniounted to 91 cm. with a variance 
of 346 ,(H). Hence, the variation in height is very greal, whieh is also 
evident t rom the analysis made in 1930, when an average of 78 cm. 
was obtained, with a variance of 358,71. A comparison between the 
two years will show that the variation is approximately equal. In 
t929 the mininium and maximum heights were 31 and 121 cm. and 
those of 1930 were 26 and 108 cm. In 1930 when 2 plantlets of each 
individua! were measured a measurement was obtained of the varia- 
tion between the plantlets and that between the clones. The total 
variance between the plantlets within the clones was 41 , 21 (D. F. = 68) 
wdiile that between the clones was 716,77 (D, F\ = 67). The difference 
between them is signilicant. 

In 1930 the mother clone 4680 showed an average height of 96 cm. 
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with a variance of 18,00 bctween the plantlets. The inlerclass variaiice 
obtained between Ihe inotlier clone and its progeiiy clones is then 
714,00 (I). F. -^ 1 ), wbile llie inlraclass variance will l)e only 85(5,17 
(I). F, = 13(5). Tbis difference is, however, not stalistically signiiicanl 
and therefore it cannot bo proved tor certain Ihat the fainily 4988 lias 
a lower avcrage hei^^ht tlian the niolher plant. 

The total mean of tlie length of the j)anicles in 1929 amounls to 
57 mm. with _= 258,17. Tlie main part of this total variance belonj^s 
to the interplant variation, which has a variance of 745,o.) (1). F. = 74), 
and only a small part lo the intraplant variation. In 1980 the total 
mean of the length of the panicle was 88 mm. The analysis of variance 
is foimd in Table 4(5, from which il will be seen that the greatest part 
of the variation is iiiter-clone variation. As the difference between 


TABLF 4(5. Suwmanziiuj Andhjsis of Voriance of Ponicle Length in 
ihe Timothg Fninilg So. 4933. 




D. F. 

Variance 

Within plantlets within clones 

\ 

19508,00 

248 

78,66 

Helwcen » w » 

7548,00 

64 

117,04 

l'otal within clones 

27056,00 

312 

86,72 


Between clones 140734,o» (53 | 2233,87 

Total 167790,00 375 447,44 


this variation and the total intra-cloiie variation is significant, the 
difference between the int<*r-clone \ariation and the inter-planllet 
variation likewise stalistically signilicant, il is therefore evident that the 
differentialion in the panicle length ]»elween the clones is considerable. 
Within the clones the variation in the length of the i)anicle is greater 
between the plantlets than ^^ithin them, the diflerence even here 
being significant. Still, this inerease is small in proportion to the wide 
difference existing between tlie inter-clone and the intra-clone variations, 
and therefore a differentialion between the clones seeins to exist even 
if it turned out that the environinent inereases the variation between 
the clones to a soinewhat greater extent than between the plantlets. 

In 1980 the average length of the panicles of the molher clone 
4(580 was 98 mm. with = 49 ,»n. An inlerclass variance of (5()0,oo 
(I). F. = 1 ) is obtained between the molher clone and its progeny 
clones, while the total inlraclass variance will be 442,2i> (1). F. = 880). 
The difference between these variances has no statistical significance 
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and it cannot therefore be maintained that the progenies have shorter 
panicles than the mother plant. 

The tillering was examined only in 1929 by measuring the circum- 
terence of all the plants. The average circumference obtained was 
29 cm. with — 78,u. Thus, the variation is very great, with a range 
from 4 cm. to 40 cm. 

Correlatiom. — Correlations were delermined, first, between the 
same characlers in different years and second, between different 
characters in tlie same year, the coefficients of correlation thus obtained 
are given in Table 47. All the correlations computed are positive and 
in the majority of cases Ihe statistical significance is great enough to 
prove that correlations really exist. The height of the plants and the 


TABLE 47. Correlations in the Ii Family No. 4933. 


! 

1 

Number j 
of pairs | 

1 

r j 

Probabillty 

1 of the 

1 correlation 1 

1 

1 

1 Height in 1929 and height in 1930 

' 1 

68 

1 j 

+ 0,6907 

1 99:1 

‘ Panicle length in 1929 and in 1930 

64 

4“ 0,656r> 

1 99:1 

1 Height in 1929 and general fertility in 1929 

20 

4- 0,4242 

90 : 10 

Height in 1929 and panicle length in 1929 

64 

4" 0,4877 

1 99:1 

' Height in 1929 and tillering in 1929 

64 

4" 0,4010 

1 99:1 

1 Height in 1930 and »self fertility» in 19.30 

64 

4" 0,4044 

99:1 

1 Height in 1930 and panicle length in 1930 

64 

+ 0,6097 

' 99:1 

1 Panicle length in 1929 and tillering in 1929 

64 i 

1 -f 0,2789 

1 95:5 

Panicle length in 1930 and »self-fertilitv» 
in 1930 

64 

1 + 0,3209 

1 1 

1 99:1 


length of the panicles were examined in both years and the correlations 
between the plants in both years are equally great for both characters. 
Assuming that the correlations obtained are those really occurring the 
total variation in each character can be divided into hereditary variation 
and remaining variation, which can be considered to have arisen from 
casualities and environrnenlal conditions. As regards the variation in 
height it will be found that in such a division of the total variation, 
af ter deducting the c<»mmon variation, the remaining interplant varia- 
tion in 1929 will be o- = 203.% and in 1930 = 369,95. This variation 

is somewhat grealer in 1930 but no statistically significant differcnce 
can be shown, and therefore this variation may be regarded as 
approximately the same in both years. As already mentioned above 
(p. 88) the variation between the plantlets within the clones was in 
1930 found to be <5- = 41 , 21 . By comparing this variation and the 
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variation not correlaled between the years in 1930, o* “ 309,%, il will 
be found that ihe latter is significantly grecTter than the variation 
between the plantlets. 

In dividing the variation in the length of the panicle in 1929 and 
1930 we encounter the sainc stale of affairs as in the variation in 
height. In 1929 the non-correlated variation between the plants is 
greater than the intraplant variation with a statistically significant 
differenee and in 1930 the eorresponding variation is greater l)etween 
the clones than between tlie plantlets within the clones. In the latter 
case the variances are 1182,29 and 117,91 respectively with 62 and 64 
1). F. The differenee is significant and Ihese variances can tlKTefore 
be regard(‘d as unequal. 

Between the height of the plant and the seed setting on open 
pollination in 1929 there is a correlation of -f 0,42»2, which shows that 
the fertility is not independent but that it is associated with the height 
of the plant. The great variation in seed setting not correlated with 
the variation in height indicates, however, that an independent here- 
ditary variation inay also oceur. The remaining interclass variation 
amounts to -- 538,69 and it does not seeni probable that this is 
ontirely caused by environinental conditions, inasmuch as the plants 
have the same facilities of fertilization and only slight differences in 
earliness can be observed within the family. The total intraplant 
variance is only 11, S4 (I). F. — 40). 

In both 1929 and 1930 the correlalions between height and length 
of panicle are about (‘qually great, “f 0,i9 and + 0,(ii respectively. Nor 
can any statislical significanqe be ascribed to the differenee found 
befvveen theni. The inlerplant variation in the length of the panicle 
correlaled with the height in the 1929 material amounis to ~ 8333,91 
and the remaining interplanl variation is ö-— 4l3,i8 <1). F. 62). 

From the correlation between the length of the panicle in 1929 and 
1930 a maximum value of the enviroiimental variation, in 1929, ot 
304,12 (I). F. — 62), is calculaled. Thiis, the interplant variation, 
which is independent of the variation in height, obtained now is greater 
than the variation caused by chance and environmenl between the 
plants. The surplus variation may then be assumed to be due lo free 
hereditary variation. This cannot, however, be posilively shown to 
be the case, as the differenee is not significant. It is therefore not 
possible to show that free hereditary variation in the length of the 
panicle oceurs. In 1930 the variation in the length of the panicle 
not correlated with the height is O” — 1344,^o (1). F. = 62) between 
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the clones and the calculated maximum value of the environmental 
variation between the clones is 1182,29 (I). F. = 62). The difference 
is not signilicant and neither in 1930 can any independent hereditary 
variation in the height of the panicle be shown to occur. 

The corretation between height and tillering in 1929 is somew^hat 
less than between height and length of panicle, still no statistically 
significant diflerence can be obtained. The greater portion of the 
variation in tillering, — 823, (»s, is conneeted wilh the variation in 
height and the remaining variation, 0^ = 66,73, is niost probably mainly 
or wholly modil icatorily enforced. 

The direct correlation between the length of the panicle and the 
tillering is 4“ 0,27S9. If the height is eliminaled the partial correlation 
(Fisher 1930) is only -\ 0,io42 and between these charaeters no cor- 
relation can therelore be showen over and abo ve Iheir common coii- 
neetion with the height. 

The correlations between height and >self-lerlility > and between 
length ol panicle and »self-iertility^^ are of about the same magnitude 
and Iheir diltcTcnce is not significant From the former correlation it 
can be computed that the inter-clone variation in »self-fertiUtv> 
correlated with the variation in height is = 4097, Sh and the remaining 
inter-clone variation = 318,30 (D. F. = 62). According to Table 28 
the variation foimd between the plantlets is only o- — 15,% (I). F = 64). 
The dillerence between the remaining inter-clone variation and the 
interi)lanilet variation is significant and it is theretore probable that 
a tree hereditary variation in »self-fertility» also oceurs. 

The direct correlation between the length ot panich» and sell- 
lertihty is -r 0,w, the partial correlation, il the height is eliininated 
is * 0,1 los and between these charaeters no correlation can theretore 
be shown ovtT and aliove their joint connection with the height. 

The correlations calculated show that the charaeters examined 
vary in a verv high degree along parallel lines. 

Progemes after mother plants selected in 1928. 

Practically no seed w^as obtained irom the isolalions performed in 
1928 and theretore no new inbred material could be raised. From the 
seed produced in tree Ilowering by the selected mother plants some 
K lamilies were procured and these were planted out so as to obtain 
material itir comparison with the clonally propagated mother plants. 
In 1930 measureinents were carried out on this material and simul- 
taneously on populations ol spaced plants of the original Kämpe 
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population and its derivalive slrain M)å, TIio rcsults of iiwsv 
measiirenients are presented in tabular form in Table 48, in wbicli are 
given the inean beighls of the inotber clones and of tlie families 
exaniined, along witli Ihe variation within eacli fainily and group of 
mother plants and progeny. As seen in Ihis table the K families raised 
are on the wliole laller than the /., and the In mother clones. I1ie 
variation is also very great in the majority of the K families. In 
dividing the total variation within each group, formed by a mother 
clone and its progeny family, it is foiind that the interclass variance, 
with one exceplion, is greater Ihan the intraclass variance. In 4 of the 


TABLf] 48. Analysis of Yariancv of the Ileiylit of Tiinothy Material 

in the Year 1930. 
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groups there is a great statislical significance for the difference, in the 
fifth the difference has no statislical significance with the lo^^ number of 
D. F. and in the sixth group, from strain 121. the intraclass variance 
is somewhat greater than the interclass variance. In the last two cases 
no differences in height can Iherefore be shown, but in the olher 
groups the height of the mother plants can undoubledly be considered 
to be differeiit from that of the K families. This indicates that the 
K families show a luxuriance in height as compared with the previously 
inbred mother plants, 

The difference in height between Kdmpe and strain 404 is great 
enough lo give rise to an interclass variance that is significantly greater 
than the total intraclass variance. These strains can be regarded as 
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belonging io different height populations. Strain 404, inbred for two 
generations, is on the average lower than the molher population, which 
does not imply, however, that strain 404 is less vigorous and less 
productive. On the contrary, the yield tests carried out have shown 
that strain 404 produces on the average about 10 % more green matter 
than Kämpe (Åkerberg 1933, where 404 is called Kämpe //). 

Progenies after inother plants selected in 1929, 

As appeared from the account given of »self-fertility» the seed 
set ting in isolations on the molher plants selected in 1929 was in several 
cases very low, the resiilt of which is that only small families of I 
plants are available, and in quite a large number of cases it has only 
been possible lo grow i)rogenies after free flowering. The investiga- 
tions concerning the effect of inbreeding embrace germination tests and 
examinations of the height of the developed plants in 1931, comparisons 
being alsq made between molher clones and their derivative / and K 
progenies. 

Germination capncitg and defective seedlings. — The germination 
of seeds after isolation and after free flowering was studied in such 
a manner that the seeds, instead of being sown in sterilized earth. were 
gerniinated in a Jaeobsen^s ineubator and the seedlings were planted 
in pots. Records were made of the number of seedlings and the 
chlorophyll development was also noted. In order not to have too 
great a material after free flowering the number of seeds was limited 
to 60, tliis being considered sufficient provided the germination was 
high and that the majority of the developed seedlings could be kept 
alive. TJie germination proved to be very variable in se(‘ds after 
isolation and att(T free flowering. Seedlings were raised from 39 mother 
plants after isolation and after free flowering and the germination is 
quite comparahle inasmuch as the seeds were harvested simultaneously 
and kept under exactly the same conditions. After these 39 plants 
the germination after isolation was on the average somewhat higher 
than aftei- free flowering. The average after isolation was 80, i % with 
a variance ol 526, and after free flowering 74,7 % with a variance 
of 399, 8M. The difference is, however, too small for any stalistical 
significance to bc ascribed to it. The greiater variability in the material 
after isolation has no slatistical significance eilher. The correlation 
between the germination of the material after isolation and that of 
tlie material after tree flowering is r = + 0,5058. In 39 pairs the 
probability for Ihe existence of this correlation is more than 99 : 1. 
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Plants liaving a low degree of gormination in isolaied seed thus also 
show a low degree of gerniinalion in non-isolated seed. 

The occurrence of chlorophyll variants was recorded in allogellier 
21) families, 13 of wliich had been grown Irom seed af ler isolation, 
12 from seed after free flowering of /o and /.» inolher jilants, and 1 
consisted of the Kämpe populalion. The nuniber of chlorophyll 

TABLIi 49, Numher of ChlorophijU Voriants in Timotluj Families 

Sown in the Year 1930. 
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denote families derived from In and /. molher plants respectively aftc‘r 
free flowering. The segregation of chlorophyll-deficienl individuals 
seems to be due to heterozygosity in one or more factors in the mother 
plants. In certain families it seems possible to assuine that a mono- 
factorial segregation has occnrred, while il is difficnlt to form any 
definite opinion with regard to the other families. Il seems beyond 
doubl that a segregation in at least two factors has occiirred in a number 
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of families, and this is corroborated by the appearance of single light- 
green individuals in 5 of the families. 

When transplanting the seedlings in the open in the summer of 
1930 the mother plants werc vegetatively propagated and from each 
of these plants 10 cuttings of about the same size as the seedlings were 
planted so that the mother clones and progenies were afforded exactly 
the same condilions to develop their tussocks for the following year. 

In 1931 measurements were oblained of the height of all mother 
clones and progeny families in the material. The material has been 
divided according to the different generations of inbreeding and accord- 
ing to the basic popiilation employed. The greater part of the material 
is derived from strain 121. which, as already mentioned, exhibited the 
highest degree of self-fertility and also contained several practically 
valuable cliaracters, which was the reason why this strain was especially 
subjected to selection in 1929. 


Height. 

Strain 121. — 'Fable 50 contains the results of the measurements 
of I 2 mother clones and their derivative K and U families of strain 121. 
in addition to which an analysis of variance is given of the individual 
clones and families and of groups of clones and families broughl togelher 
in different ways. Thus, groups have been formed of I 2 mother clones 
and K families, mother clones and families and K families and 
families in order to obtain a comparison between the height of the 
clones and of the respective families. l'he designatious for interclass 
variances and intraclass variances employed in Tables 50, 51 and 57 
are the following, varj^,j^, var^^, and var^, correspond to the intraclass 
variance of groups of mother clone and K fainily, mother clone and / 
family and K and / families respectively. var,^,^^, varj^^ and varj. j 
denote the corresponding interclass variances in the groups. /aA/ and 
/.i3/ are /. and 7, mother clones respwtively. 

Tho diUercncos in tlu* a\eraKe heighis are, owiiig lo the small luimber ot‘ 
plants, rallKT diOiciilt lo delerinine lor cerlain, but in Ihe inajerity ol cases it is 
possible to obtain statistieally significant vallies. Between /a mother clones and 
K latnilies 23 eoinparisons ha\e been made, 17 oi which show a higher average 
in the A tamilies, in one case the height is the same iii the mother clone and the 
A fainily, while in 5 the height is lowcr in the A families than in the mother clones. 
In 12 ol the lirst-meutioned 17 cases the ditference in height is significant. The 
differences 111 the othei 5 groups have 110 slatistical significance and may have 
arisen entirely from casiialities and modificalions. Of the 5 groups in which the 
A families are lower tlie diilerence is significant only in 1. In 13 groups we caii 
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TABLE 50. Analysis of Varumce of the Height of l^-Motht*r Cloms, 
and K-Families in Strain No. 121. Measnrements in 1931. 
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therefore witli cerlainty assiune that h mother clones differ from K families in 
height and that in 12 of these groups Ihe K families aro taller. 

In comparing Ihe a^ erage hcights ot the h clones and ot Ihe h tamilies it will 
be seen that in 8 groups the h tamilies are lower and in 3 groups taller ihan the 
h clones In the Iwelfth group (No. 10) the height of the h clone and the h family 
is exactly the same, but the latter consists of only one individual In 6 groups the 
siatistical significaiice of the diffcrences in height is satisfactory. In all these cases 
the height is lower in the h families. In the other 5 groups the differences ha\e 
no signilicance. A depression in height has therefore taken place in 6 cases after 
inbreeding from I 2 to h but in none of the cases examined is it possible to show a 
signifieanl increase. 

For the purpose of comparison between K and h families there are 14 groups 
available, all of w^hich show the greater avcrage in the K family. In II of these 
groups the differences are significant but in the other 3 the differences can ha\e 
arisen from chaiice variation alone. 

If we had taken the differences between the K and the / families to sigiiify 
the effeet of inbreeding, as ^as done in Ireating the material after the 1926 and 
1927 mother plants, then il would be possible to prove the occurrence of such an 
effeet in 1 1 of ihe 14 groups, but if we take the differences between the h mother 
clones and the h families as a measurement of the effeet of inbreeding then the 
occurrence of such an effeet from h to h has beeii showen in only 6 of the 12 groups. 

In 11 groups, viz. Nos. 1—9 and 11—12, a complete comparison is possible 
between h mother clone, K family and h family. In group 1 no significant differeiice 
can be shown between mother clone and K family but the h family is significantly 
lower Ihan both mother clone and K family. In group 2 the K family is significantly 
taller than the mother clone and the h family, between which no difference can be 
shown. In groups «S, 5 and 8 conditions are the same as in group 2, while group 4 
exhibits a lower height in both K and h families than in the mother clone, between 
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K and h there is no significant differcnce In group 6 the molher clone and Ihe 
K family are of Ihe same height, h dilfering in having a lower height In group 7 
a significant differcnce caii be shown only between h and h Gioups 9 and 11 


TABLE 51. Analyhis of Variance of the Height of U-Mother Cloncs, 
U-Families and K-Families in Strain No. 121. Measurements in 1931. 
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1 

1 

1 

— 

1 

1 

10 1 

1 ()090 

1 1302 

LM 

K 

10 

1 

()4 

82 

83,13 

14,30 

()8 

70,821 

748,00 

- 


1 



- ' 

11 i 

j 6092 

1 1304 

LM 

k 

10 

29 

84 

88 

30,11 

129,21 

87 1 

105,11 

1 19,00 

— 



— 


1 

12 i' 

/ 6100 

1 1314 

LM 

k 

:> 

8 

87 

90 

159,7^) 

91,29 

89 

116,18 

28,00 


1 

~ j 

— 1 

1 

-- 

13 

/ 6101 

1 1316 

LM 

V 

10 

14 

79 

92 

29,00, 

101,8.1 

87 1 

72,os| 

990,00 

1 


1 


~ 1 


14 

/6102 

1 1318 

LM 

k 

10 

4 

89 

101 

13,00 

333,67! 

92 

95,17, 

414,00 

- 

_ 1 
1 

1 




15 

/ 6103 

1 1319 , 

LM 

K 

7 

2 

49 

8() 

38,33 

.),oo| 

57 ' 

IW.s? 

2130,00 

__ 1 

1 

_ 1 

— 


““ ! 


exhihit signiiicant ditfcrences iii all conipaiisoiis, Iheiefore K is tallei Ihan h and /*, 
and /a is lower Ihan h In group 12, on the conlraiy, no dillerenccs can be shosvii 
Thus, the height is eqiial in the G mother clone and in the t\so progeny famihcs 
only in the last-mentioned group 01 the other gioups an ellett oi conlinued in- 
breeding was ascertained in Nos 1, 4, 6, 8, 9 and 11, while siniultancously in free 
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flowering a previously orcurring inbreedlng effcct has beeii arinulled more or less 
in groups 9 and 11. In group 4 a siguificant depression has also oceurred in 
and h is laller than Ihe K iamily. In groups 2, 3, 5 and 8 no inbreeding effeet has 
been brought about from h lo h bul in K a luxUriance was ascertained. 

From the summariziiig analysis of variance given in Table 52 it 
appears that the variation within the K families and within the /s 
families is greater than the variation within the molher clones. The 
difference between K and Ij is significant but insignificant between h 
and /o, which signifies Ihat the variation between the plants within the 
families is partly caiised by an hereditary differentiation between the 
plants, which is evident in the K material. There is also a pronounced 
dilferentiation in height between the clones and between the families 
in the K and material this differentiation being apparent from the 
great differences between the interclass and intraclass variances in all 
the comparisons. It is worthy of note, however, that the differentiation 
is greater between the /.. clones than between the families in the K and 
the /,; material 'Ihere is a statistical significance for this inequality 
in the differentiation. On the average the height is greatest in the K 
families, lowest in the /a families, and the mother plants oceupy an 
intermediate position. 

The classification inlo different groups presented in Table 52 shows 
that taken on the average there is a very pronounced differentiation 
between mother clones and K families, between mother clones and /.j 
families and between K families and h families. This differentiation 
is greatest between K families and /.j families and lowest between /j 
clones and /g families, and the differences are significant. The reason 
for this is that in comparison with the mother clones an average in- 
erease has oceurred in the K families and the /i families exhibit an 
average depression in height, thus the groups of th(‘ K and h material 
dilfer from each olher more than they do severally from tlie mother 
plants. Furlher, it is evident from the groups formed of Zg clones and 
K families, /^> clones and L>, families and K and h families that in each 
kind ol grouping there is a marked differentiation between the groups, 
as the variation in all cases is considerably greater betwen the groups 
than within them and the differences are statistically significant. This 
differentiation is greatest between groups of h clones and /» families and 
lowest between groups of K and h families, but the difference is not 
significant. This indicates nevertheless that I 2 and h art* more closely 
related to each other than K and 7», which was already seen in the 
diseussion on the individual molher clones and their progeny families. 
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TABLE 52. Summarizing Analysis of Variance of ihe Height in 
Strain No. 121. Measurements in 1931. 


i 

Average 

heiglit 

cm. 

Plants 

himbe 

CO 

.SJ 

S 

es 

U, 

Groups 

1 

1 

1 

i 

I). F 

1 

Iv ■ ! 

1 1 

. 1 

I^-mother clones willi 1 





! 


1 ! 

1 1 

progemj i 








I^-mother clones i 

82 

113 

12 


— 

— 

' " 1 

Within clones 


- 

— 

— 

10797 ,00 1 

101 

1 10(),90 { 

Between » | 

- 

- 



21371,00 

11 

2215,82 ' 

Total ! 





35171,00 

112 

311,03 

K-families | 

91 

250 

12 


! 



i 

Within families i 

- 

- 



33083,00 

238 

139,00 

Between » 


__ 


— 

8337,00, 

11 

' 757,91 

Total 


- 

— 


41 120, ooj 

249 

' 100, .15 

families 

75 

85 

12 



— 


Within families 


- 

— 

— 

9107,00 

73 

121,7:) 

Between » 



- 


8072, ooi 

11 

733.82 

Total 


- 

— 


17179,00 

81 

1 201,51 

In Groiips 







1 

L-molher clones and 





1 


1 

K- fam i hes 

88 

(>55 

40 

23 

— 1 

- 


Within clones and fani. 





t 


1 

within j^roups ] 

— 


- 


81198,00 

009 

133,33 

Between clones and 



1 





j fam. within gr 





309()7,oo 

23 

I310,,m 1 

Total within groups ... 

— 


1 


1 12105,00 

032 

177,48 1 

Between groups 





13030, 00 

22 

1983,18 

Total 




1 

1 ' 

155795,00 

051 

2:{8,aa j 

I^-molhcr clones and 




1 



i 

I^ families 

! 79 

198 

21 

i 

1 — 1 

- 


Within clones and fam. 

1 


1 


1 


1 

within groups 


— 



, 19901,00 

174 

lll,..o 1 

Between clones and 





1 


1 

1 

fam. within groups ... 

— 

__ 

- 


8790,00 

12 

7:52, -.0 1 

Total within groups ... 


— 

1 

- 

28091,00 

180 

1 151,57 1 

Between groups 

— 

1 “ 

1 


1 25841,00 

11 

, ziio.ix ; 

Total 

— 

( 


— 

^ 54535,00 

197 

1 270,83 j 

K- and 1^-families 

85 

370 

28 

14 

— 

- 

— 

Within families within 








groups 



— 

— 

12344,00 

348 

1 121,68 

1 Between families within 





1 



groups 

— 

— 

1 

1 

— 

28717,00 

11 

1 2051,21 

1 Total within groups ... 






— 

71001 ,00 

302 

1 190,3(1 

1 Between groups 

— 

— 



l()(>40,oo| 

13 

1280,00 

1 Total 

— 

— 

1 

1 - 

- 

87701, oo; 

375 

1 23:1,87 
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Average 

height 

cm. 

Number 


D. F. 

Variance 

a 

a 

s 

Families 

Groups 

I^-mother clones with 








progeng 








I^-mother clones 

73 

36 

5 

- 

•— 

— 

— 

Witbin clones 

— 

— 

— 

— 

2279,00 

31 

73,5a 

Between » 

— 

— 

— 

- 

12216,00 

4 

3054,00 

Total 


— 

— 

— 

1449a5,oo 

35 

414, u 

! K-families 

92 

62 

5 


— 


— 

Within families 


— - 



— 

7.524,00 

,57 

132,00 

Between » 

— 

- 


— 

.3936,00 

4 

984,00 

Total 

- 

— 

- 

— 

11460,00 

61 

187,87 

families 

75 

37 

5 

— 

— 

— 

— 

Within families 

- 

— 


— 

.5608,00 

32 

17.5,25 

Betwen » 

- 

— 

— 

— 

;i542,oo 

4 

88.5,60 

Total 

- 

— 


— 

91.50,00 

36 

254,17 

In Gronps 








I^-mothcr clones and 








K-families 

85 

258 

28 

14 



— 

Within clones and fani. 








within groups 

— 


*— 


21040, 00 

230 

91 ,48 

Between clones and 








fam. within groups ... 

— 

— 



2.>434,oo 

14 

1816,71 

Total within groups ... 


- 


— 

46474,00 

244 1 

190,47 

Between groups 


— 


— 

27313,00 

13 i 

2101,00 

Total 

- 

- 

- 


73787,00 

1 ! 

287,11 

1^-mother clones and 






1 


I ^-families 

74 

73 

10 

5 1 

— 


_ 

Within clones and fani. 







1 

within groups 

— 

- 

- 

_ 1 

7887,00 

63 

12.5,19 1 

Between clones and 








fani. within groups ... 

— 

— 

i 

— 

2435,00 

5 

487,00 

Total within groups ... 


— 

_ 



10322,00 

68 1 

151,70 1 

Between groups 

— 

- 

- 

— 

12280,00 

4 

:i070,oo 

Total 

— 

- 

' — 

— 

22602,00 

72 

313,92 

K- and I ^•families 

84 

140 

12 

6 

— 

— 

— 

Within families within 








groups 

— 

— 

— 

— 

18199,00 

128 

142,18 

Between families within 








groups 

— 

- 

— 

— 

12945,00 

6 

21.57,50 

Total within groups ... 








31144,00 

134 

232,42 

Between groups 


— 

-- 

1 

60 10, 00 

5 

1202,00 

Total 

- 


— 


37154.00 

139 

267.29 
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From Table 51, whicli conlains an analysis of the variation in h iiiother clones 
and their derivativc K and A faniilies, it will be seen that there are 14 possible 
comparisons between h clones and K families. In 13 of thein the K faniilies have 
the greatest height and in only one instance is the height lower in the K faniily 
than in the mother clone. In this last instance a depression has therefore occurred 
in K and the differeiice is significant. In the groups showing an increasc in height 
in the K families the differences are significant in 9 of Ihem biil not in the remaining 
4. Thus, in 9 cases ont of 14 tree flowering has given rise lo a luxuriation of the 
height as compared with the mother clones. 

Only 5 comparisons are possible between I 3 mother clones and U faniilies, 
and only in one of these cases can any differeiice in height be shoivn for certaiii, in 
this case h being lower than /.i. In 3 of the G comparisons between K and U families 
il can be sliowii that /-i is lower than the K families but in the olher 3 there is no 
significant difterence in height. 

(iroups 1—5 consisl of h clones as well as K and h families and in these groups 
a coinplete coinparison is possible. These comparisons show that in group 1 a 
significant increasc has laken place in K, /s and It are eqiial and between K and h 
there is a significant differeiice. Group 2 exhibils a significant differeiice only 
between K and h with an increasc in K. (iroup 3 show’s a decrease in height 
between h on the one hand and K and h on the other hand, no significant differeiice 
4‘\isting between K and h. Groups 4 and 5 indicate a significant increasc in K, no 
significant change in the height al ter continued inbreeding but a signiiicant differeiice 
between the K ainl the 1% faniilies. 

Frce flowering has Iheretore brought aboiit an increase in height in 4 cases and 
a depression in the 5th ca.se, while contiiun‘d inbreeding from h to 1% has caused a 
signiiicant depression in only 1 case out of 5. 

The summarizing analysis of variance in Lx mother plant.s and their 
progenies presented in 'Fahle 52 shows a greater intraclass variance in 
the K and /, material than in the h material. The difterence between 
and I 3 is significant but insignificant between K and h, The dif- 
ferentijition between the clones in the /y material and between the 
families in the K and the /* materials is positively demonstrable. As 
evidenced by the table this differentiation is, however, less between the 
K and the h faniilies than between the clones. Although the dif- 
ferences between these groups are not significant they are nevertheless 
suggestive. 

The division into groups presented in Table 52 shows on the average 
a pronounced differentiation between clones and progeny families and 
also between K families and h families. This differentiation is greatest 
between K families and families and least between /« clones and h 
families. Between the groups the conditions are just the reverse, the 
greatest differentiation being between groups of /» and U and least 
between groups of K and h families, which miglit have been expected 
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to be the case from the results obtained in comparisons between the 
individual mother plants and their progenies in K and h families. 

Finnish timothy. — The material of Fiimish tiraothy consists of /, 
mother clones and their derivatives after free flowering and one family 
after isolation. 

The analysis of variance in mother clones and K families is found in Table 53^ 
in which is seen that in 6 cases out of 7 the K families are on the average taller than 
the h mother plants, but the differences are significant in only 4 of these groups. 


TABLE 53. Aimlysis of Variance of h Mother Plants and K-Famities 
after Them. Finnish Timothy. Measurements in 1931. 


Group : 
No. 1 

1 i 

1 

Field 

No. 

Inbrced- 

ing 

genera- 

tion 

Number 

of 

plants 

Average 

height 

cm. 

Variance 

ö’ 

Group 

average 

cm. 

''“'•.b 

varp 

1 

1 ^ 

6114 

1338 

LM 

K 

10 

8 

63 

83 

41,44 

65,67 

72 

52,00 

1 

1778,00 

2 1 

6115 

1339 

LM 

K 

7 

2 

59 

66 

308,33 

392,00 

61 

320, M 

78,00 

1 

3 

6116 1 
1340 

LM 

10 

3 

51 

86 

13,89 

65,50 

59 

33,47 

' 2827,00 

4 : 

1 

6117 

1342 

LM 

a‘ 

8 

9 

73 

78 

111,71 i 
318,12 

76 

221,80 

108,00 

5 

6118 

1344 

I.M 

it 

10 

6 

78 

90 

32,11 

1 110,80 

83 

60,21 

l 

544,00 

i ® ' 

6119 
1346 , 

LM 

É 

10 

24 

96 

91 

1 18,78 

1 228,30 

92 i 

169,37 

184,00 

7 ' 

1 

6123 
1349 1 

LM 

É 

10 

32 

86 

98 

! 46,33 

i 152,19 

96 

128,37 1 

1128,00 1 


The I\ tainily grown alter isolation of the h mother plant 6117, which should be 
compared on the one hand wilh the mother plant and on the other hand with K 
family No. 1342, has not been included in the table. The average height of the 17 
individuals tound ot this family amoiints to 64 cm (variance 45,81) and is less than 
the mean height ot botfi the h mother clone and the K family. Statistically 
significant differences e\ist between /s clone and h family and also between K 
family and h family and the h family is therefore lower than the h clone and K 
family. The dillerence betw^een the h clone and the K family is not significant. 
In this group inhreeding from h to /« has therefore caiised a depression but no 
luxuriation has l)een caused in Iree flowering. 

Table 54 gives a summarizing analysis of variance in the /* mother 
plants and the K families of Finnish timothy. A comparison between 
the I 3 material and the K material 'will show that the variation is greater 
within the K material than within the /, material, the difference being 
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statistically significant. On the otlier hand, the interclass variance is 
greater in the material than in the K material and t his signifies that 
the differentiation bctween the mother plants has beeii diminished in 
the K families. l'hough the difference between the interclass variances 
is not significant it is nevertheless suggestive. Within both groups the 
interclass variance is signiticantly greater than the intraclass variance, 


TABLE 54. Summnriziiuf Annlysis of Variance of ihe Heiglit of 
Finnish Timothy in 19H1. 


1 Average 
height 
cm. 

Niimber 

5 1 1 '1 s. 

» 1 ' i 
~ 

1 

1 

1 

, 1 

' 

D. F 

1 

Variance 

1 

I^-nwther clones 

73 

65 

7 





"within clones 

- 


— 

— 

4005, 00 

58 

69,0.') 

Between » 

_ 




14442,00 

6 

2407,00 

Total 

— 



- 

18147,00 

64 

288, ‘21 

K-families 

91 

84 

7 

_ 






Within families 

— 




14050,00 

77 

182,47 

Between » 



— 

- 

1 3732,00 

6 

622,00 

Total 


- 


- 

17782,00 

83 

214,21 

I^-mothev clones and K~ 








families in groups 

83 

149 

14 

7 

1 

_ 

- 

Within clones and fam. 








within groups , 




- 

' 18055,00 

135 

133,74 

Between clones and 








j fam. within gr 





66 17,00 

7 

949,'.7 

1 Total within groups...! 

1 



— 

24702,00 

142 

173,90 

Between groups 



1 

1 

21707.0» 

6 

' 4117, «.t 

Total 





49409,00 

148 

33:5,84 


which indicates a ditferentiation in both the U material and the K 
material. 

The analysis of variance in a group arrangemenl ot the material 
exhibits in the first place a differentiation between F clones and K 
families, in which the latter are taller, and in the second place that 
the groups consist of well differontiated height-populations, as the 
inter-group variation is signiticantly greater than the total intra-group 
variation. 

Kämpe timothy. — The Kämpe strain is represented in the 1931 
material by the original Kämpe population and hy three F mother 
plants with their progenies, in addition to which the plants of family 
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4933 selected in 1929 are included along with progenies produced afler 
free flowering. 

Table 55 contains the mean heights of ihe kåmpe population, three h mothcr 
plants, one h family and three K families. Unfortunately» the number of plants in 


TABLE 55. Analysis of Variance of Height in the Kämpe Strain, 
Isolations in 1929. Measurements in 1931. 


Group 

No. 

Field 

No. 

Inbreed* 

ing 

genera* 

tion 

Number 

of 

plants 

Average 

height 

0* 


1 

1359 


18 

94 

149,24 

The original Kämpe strain 

1 

( 5511 

I,M 

8 

87 

7,00 


1 

{ 1201 

L 

4 

47 

37,00 


1 

1 1202 

A* 1 

2 

24 

50,oo 


9 

/ 5514 


3 

28 

61,00 



t 1203 

it 

1 

1 

— 



; 5516 


8 

65 

22,29 


1 o 

1 

l 1204 

É 

7 

43 

1 ^ 



TABLE 56. Analysis of Variance of U-Mother Clones and K-Families 
af ter T hem. Family No. 4933 from Kåmpe. Measurements in 1931. 


1 

d 

x; 

“ 

“ 



— — 


— 




Inbreed- 

Number 

Average 


Group 





No. 

ing ge- 

of 

height 

Variance 

average 

''»■••»b 

Var. 

0 

im 

1 


neration 

plants 

cm. 


cm. 

1 

1 

1 

[5880 

1324 

IJd 

K 

2 

10 

80 

102 

18,00 

251,44 

98 

228,10 

808,00 

2 

1 

1 

5883 

1325 

IM 

K 

2 

31 

102 

108 

18,00 

214,50 

108 

208,16 

36,00 

3 

1 

1 

5885 

[1326 

\ KM 

2 

1 

39 

108 1 

200, 00 

62 

200,oo 

2994,00 

4 

I 

[5892 
[ 1327 

i 

2 

1 7 

65 

100 

2,00 

113,50 

92 

97,57 

1906,00 

5 

I 

( 5908 
[ 1331 

IM 1 
Ä 

1 2 

1 12 

51 

103 j 

1 18,00 
121 ,.36 

96 

112,75 

4638,00 

1 6 

1 

[5934 
[ 1334 

' IM 

1 k 

, 2 

1 5 

59 1 
88 1 

145,00 

150,75 

80 

149,(0 

1202,00 


each family is loo small lor a rcliable coinplete analysis of variance, still there is 
some esidence which suggests thal the original Kåmpe population is laller than h 
planis, h families and K iamilies. The 4 individuals in the h family show a con- 
sidcrably lower average height ihan their mother clone and the same thing is true 
of the 2 individuals from the same mother plant after free flowering. Free 
flowering does not therefore seem to have caiised any luxuriation. 
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The /j mother plants selected i rom fainily 493»3 and Iheir progen> plants af ter 
free flowering have beeii grouped logether in Table 5(> The K families sccin on thc 
whole to be taller than fheir mother plants and il might therefore bc assumed that 
free flowering has entirely or partially siispendcd the depression in /j The small 
number of mdividuals does iiol permit ot the differcnees in height being showii 
slatistically except in the last thiee groups in the table There is also a ccrlain 
probability that an merease has taken place in tlie other gioups atter free fertiliza- 

TABLE 57. Analysis of Variance of the Height of hrMother Clones 
and /i- and K-Families af ter T hem. Russian Timothy. Measurements 

in 1931. 


1 

1 

a 

3 1 

1 

o 

y. 

2 

.5 o 
xi Z 

cQ 

o 

O 

t- Z 
^ c 

1l 

» é 1 

to o 
2- ' 

'c 

a> 

tc 

eci ^ 

X 

" 7 

tm 

o 

to ^ 
p ^ 

> 

s 

cS 

jS 

2 

i« 

1 £ 

IZ 

"c 5 1 

3 

‘S 


< 

>■ 

< 

>• 


1 ^ 


y 

X 



1 




' i 1 

[6066 

fjf 

1 

6 

73 

199,20 

\ 

1 

i 


1 

' 1 

1 1 1 


1269 i 

I, 

K 

1 1 

74 

— 


- 

70 

255,06 

66,00 1 

1 

1 

[1270 

12 ' 

69 1 

280, 


, 1 


! 

1 1 

1 2 

1 

[6067 

11272 

JJl 

K 

10 

21 

81 1 
89 

37,00 1 
128,80 

1 

' - ' i 
1 

86 

1 100,31 

439,00 1 

i 3 

1 

[6068 
[1273 ! 

hM 

K 

9 

14 

73 

70 , 

44,12 

112,92 


i 

71 

1 

1 86,71 1 

1 

50, 00 1 

A 1 

] 

[1274 ! 

1 Ä 

1 

65 1 

— 


1 1 
, ! 

1 



4 1 

1 

[1275 

13 

68 

167,58 1 

1 

1 

1 

1 

1 


1 

16069 

' hM 

10 

64 1 

31,78 


t ' 

1 

1 


5 


1276 

1 h 

1 

63 

— 


1 

1 72 

' 147,97 1 

1 874,00 , 


1 

[1277 

' li 

26 

75 

189,80 




1 

1 

6 

1 

16070 

1278 

hM 

i 

10 

13 

84 

63 

24,22 

105,50 

72 

* 70,67 |2493,oo 

1 

1 

1 1 

1 

1 


1 

11279 

1 

48 


1 

1 

1 

1 


7 

! 

[6071 

1280 

hM 

10 

! 2 

69 

73 

1,44 

32,00 

70 

4,45 * 28,00 

72 

^ 1,30 ^ 

1 

128,00 


1 

ll281 

2 

79 

0 


1 


1 

8 ' 

j 

1 

[6072 

1282 

1 K 

li) 

3 

76 

65 

96,89 

86,50 

73 

1 95,00 1 282,00 

1 

1 

80 

190,72 

1 313,00 

1 

ll283 

17 

83 

243,50 


1 


1 ! 

1 


tion, as lo>\ mother plants >shen flowering weie siirrounded b\ tall types which 
inight have been the fatheis of the progenies and lune transmitted to them a greater 
height or a greater degree of segetatise sigoiir 

Russian timothy. — In Russian timothy seven mother clones, 
six II families and eight K families were analysed. 

The groupings in Table 57 slnnv that the number of plants in most of the 
families is too small lo give signilieant resiiUs of the analysis of ^ariallce From 
the niagnitude of the interelass and intraclass saiiances in the gtoiips ot In clones 
and of II families it is still possible to assume that an inbreeding effect has taken 
place in one /i family, in another family an incrt^asc in height is discernible, biit 
Ihe small number of plants does not peimit ot an> definite coiiclusioii being drawn 
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on this point. A sigiiilicant increasc caii be shown between h cloiies and K families 
111 groups, but no significaiit differcncc is obtained in the other groups. It is 
of interest to nole that an increase has occurred in K familics although no inbreeding 
has laken place previously. The selected mother plants are, however, low and 
have evidently been crossed wilh taller types so Ihat a progeny has been produced 
having a greater a\ erage height Ihan the mother piants. No significant differences 
can be shown between the h and the K ianiilies. 

Analysis of uariance of inbreeding effeet in height in strain 121. — 
According to the above accoiint the material analysed in 1931 seems 
to indicate that inbreeding frequently brings about a depression in 
the height of the progeny both in comparison with mother clones and 
in comparison with K progenies grown simultaneously. The differences 
apparent in these two kinds of comparisons occasionally run parallelly, 
but frequently they point in opposite directions. It is therefore a matter 
of interest to analyse more closely the inbreeding effeets found so as 
to form a definite conception of what should be called inbreeding effeet 
and how great this effeet is. 

Unfortunately, owing to the available material of all the strains 
examined being insufficient the analysis of variance of the magnitude 
of the inbreeding effeet has to be limilcd to strain 121 ^ in w^hich a 
number of comparisons are possible, partly on material inbred from 
I 2 lo h and partly on material inbred from /a and I 4 » For tliis analysis, 
however, it was only possible to inelude such mother plants as had 
produced, in addition to clone material, both K and I familics. Eleven 
such complete groups are found with inbreeding from to h and five 
with inbreeding from /,$ to I 4 . In these groups comparisons were made 
between mother clones and / progeny and between K and I progenies. 
From Tablc 58 it is seen that the inbreeding effeet is greatest in com- 
parisons between K and I families after both I 2 and mother plants. The 
inbreeding effeet between /a clones and /, families derived from them is 
on the average 10,2 cm. while the average difference between K and h 
families aniounts to 17,2 cm. In both cases the interclass variance of 
inbreeding effeet is decidedly greater than the intraclass variance and 
the differences are significant. From this we should be justified in 
assuming that the effeet of inbreeding really differs after separate 
mother piants, whether the effeet is determined in one way or the 
other. There is only a slight insignificant difference between the two 
interclass variaiices 

Between the two different values of the inbreeding effeet in the 
same h family there is. however, a rather great difference. Between 
these values a marked interclass variance is also obtained, amounting 
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to 1149 ,25, whilc the total iiitraclass variaiicp is only K^3,6rj. Thp dif- 
ferences between thein has grcat statistical sif^nificanco, tlius no doubt 
proving that the inbreedin^ effecls on the same inbred material 
determined in different ways are unequal. 

The average inbreeding effecl between /.< cloiies and I 4 families is 
7,1 cm. and between K families and /j families 23,7 cm. In both cases 
the interclass variance of inbreeding effecl is statislically greater thaii 
the intraclass variance, which signifies that even in inbreeding from 


TABLE 58. Analysis of Variance of the Inbreeding Effecl in Ueight in 

Strain No. 121. 
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13132,00 
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1 47,5.5 
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1 
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1542,65 

4 

385,66 


/a to Ii the inbreeding effecl is certainly diflerent af ter difterent motlier 
planls, Between the intraclass and interclass variances in the in- 
breeding effects determined in different ways there are only minor 
differences without anv statistical signilicance. The different values 
of the inbreeding effect, however, differ widely. The difference also 
has great statistical significance and it can therefore be established that 
entirely different values of the inbreeding effect are obtained, when 
h and /t or when K and E are compared. 

After finding that the inbreeding effect from L lo /^.is 10,2 cm. or 
17,2 and from Ix \o E 7,i or 23,7 cm. we shall examine if any ineqiiality 
occurs in the effect between the different generations. The inbreeding 
effect found between mother plants and inbred progenies averages 
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9,3 cm. in the two generations. The interclass variance amounts 
to 107,90 (D. F. = 1) and the total intraclass variance is 136,24 
(D. F.==244). Since the intraclass variance is therefore the greater 
no difference can be shown to exist. Neither can any significant 
difference be shown between the inbreeding effect in the different in- 
breeding generations, when the effect is determined by the differences 
between K and I families. In this case the interclass variance will be 
greater than the intraclass variance, but the difference has no statistical 
significance. 

No significant corrclations could be found between the magnitude 
of the inbreeding effect and the variance in /, whether in inbreeding 
from I 2 to h or from U to h. 

c) REVIEW OF THE RESULTS. 

Fertility, 

A large number of isolations have been made on plants belonging 
to the tall hay-type of timolhy grass. On an average the seed setting 
was very low upon isolation, but a very wide variation occurred, in- 
cluding completely »self -sterile» plants as well as highly self-fertile 
ones. Of 121 plants, isolated in 1927, 19 % did not give any seed at 
all. The most fertile plant in this year ga ve, in an average of 12 panicles 
isolated, 521 seeds per panicle, which is calculated to be about 46 ?o of 
the number of florets. On the same plant the highest value for a single 
panicle was obtained, viz. 602 seeds. In 1929 the highest values for 
single panicles were 992 and 692 seeds, corresponding to 143,8 and 
104,8 seeds per panicle cm. respectively. In 1930 the highest single 
panicle values were 760 and 745 seeds, or 106,4 and 86 , 4 , respectively, 
per cm. Thus, the highest single panicle value was obtained in 1929. 

In 1929 and 1930 a small number of plants of the iiodosum-variety 
have been isolated, and this type has been found to be less »self-fertile» 
than the tall lype. In 1929 4 out of 5 isolated plants did not give any 
seed at all, on the fifth plant one seed was obtained from 5 isolated 
panicles. In 1930 the number of seeds per panicle varied between 0 
and 23,7 in the different isolated plants. 

The seed setting on isolation is different in different years. Only 
a few plants have been isolated more than one year, however, and 
therefore it has not been possible to demonstrate a significant difference 
between the amount of secd setting in different years. There is a fairly 
good agreement between the different years as regards the relative 
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amount of seed obtained from different isolated plants. 5 plants were 
isolated in 1927 and 1929. All of them showed a reasonuble »self- 
fertility», and the correlation coefficient between tlie number of seeds 
in the two years was + 0,58. 9 plants were isolated in 1928 and 1929. 
Of these 6 plants were completely »self -sterile» in both years, 1 was 
»self-sterile» in 1928 and very weakly fertile in 1929, 2 plants, finally, 
gave in both years a very small amount of seed upon isolation. Also 
between the results of isolations made on the same plants in 1929 and 
1930 there was a good agreement. 

Different coinmcrcial strains of timothy, as represented in the 
material, have given different averages of »self-fertility», and these 
differences have been observed in each year of the investigations. The 
difference between Kämpe and strain 121 is especially siriking. Kämpe 
seems to contain a majority of ^self-sterile» or very weakly self- fertile 
biotypes, whereas strain 121 includes highly self-fertile biotypes, as vvell 
as some »self-sterile» or nearly sterile types. 

l!i a couple of cases the material offers a possibility of comparing 
different / generations of the same strain as regards isolation-fertility, 
but no definite effect of prolonged inbreeding upon the average 
isolation-fertility can be demonstrated. In one case the seed setting is 
lowest in the most inbred generation, in another case, however, the 
reverse condition is found. The most inbred generations are not, how- 
ever, derived from the less inbred generations investigated, but the 
different generations represent different selections in the original 
populations. No conclusions as regards the effect of inbreeding upon 
isolation-ftTtility may, therefore, be drawn from this comparison, and 
the differences in fertility found are probably due to chance differences 
in the selected material. If the average isolation-fertility of inbred 
progenies is compared with the isolation-fertility of the respective 
mother plants, no average decrease in fertility is observed. 

There is a good agreement between the isolation-fertility of the 
individual plant and the mean isolation-fertility of its inbred progeny, 
and this faet holds true for plants isolated in 1928 as well as in 1927. 
There is a correlation of + 0,64 between the isolation-fertility of 29 
plants, isolated in 1927, and the mean isolation-fertility of their pro- 
genies in 1930. It has thus been possible to demonslrate a comparatively 
strong inheritance of different degrees of isolation-fertility. 

The heritable nature of the differences in isolation-fertility is further 
proved by the large differences between inbred families in this resi)ect. 
Some families have turned out nearly sterile or completely so upon 
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isolation, as far as may be concluded from the plants investigated. 
Other iamilies show a good fertility in all plants. One h family ot 
strain 121 had a verv good fertility, the average of all plants investigated 
being 218,ft seeds per panicle. The mother plant of this family was 
isolated in 1927 and gave 306,i seeds per panicle. This seems to be a 
case of constant high isolation -fertility, whereas other families present 
cases of constant low fertility. In inost families the individuals are 
widely differentiated, such families comprise nearly or completely 
sterile plants as well as lather highly fertile ones. No instance of an 
apparently constant intermediate degree ot isolation-fertility has 
occurred, One Ix famil> of Kampe was closely investigated in 1930 and 
showed a verv wide variation in fertility as well as in morphological 
characters Of 64 isolated plants in this family 15 were completely 
» self -sterile > , whereas the others varied between 0,i and 38,7 seed per 
panicle cm 

The seed setting upon open flowering was investigated in 1927 and 
1929, tlie last vear giving on an average the highest amount ot seed. 
In both years there is a very wide variation in seed setting. 10 plants, 
sterile upon isolation, were equally sterile when openly pollinated. The 
average amount of seed in fertile plants in 1927 was 261, i seeds per 
panicle, whereas the same plants gave only 24,o seeds per panicle upon 
isolation. Thus, in this year the isolation-fertility was on an average 
only 9,2 % of the general fertility. The maximum nuinber of seeds 
per panicle upon open flowering was in 1927 551 8 (about 52 % ot the 
flowers), in 1929 1246,3 (about 85 % of the flowcrs). The figures are 
not, however, directly comparable, since they refer to different plants 
in the different years. 

There are great ditferences between different plants as regards the 
seed setting on open* flow^ering. The differentialion is raore marked, 
however, in respect to isolation-fertility than as regards general fertility. 
The differences betwxvn different isolated panicles on the same plant 
are also greater than between openly pollinated panicles on the 
same plant 

There is a verv significant correlation between the amount of seed 
setting on isolation and the general fertility on open flowering. In 
1927 the coefficieiit of correlation is +0,72 (18 plants), in 1929 it is 
+ 0,11 (98 plants), in both cases the completely sterile plants <are ex- 
cluded from the calculation of the correlation. 

If that variation in isolation-fertility, which is correlated with the 
variation in general fertility, is eliminated, there still remains a varia- 
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tion in isolation-feriility botween plants, which is signilicantly larger 
than the variation between panicles on the same plant. This iudicates 
that there is a genetic variation in isolation-feriility, independcnt of 
general fertility. 

The nodo.sam-variely is less tertile on open Ilowering than the 
tall type. 


Inbreeding effects, 

The eltect of isolation upon the developinent ol the seed has been 
studicd only in 1929. Iliis year the germination ot isolated seed as well 
as of seed alter open pollination ol Ihe same plant was determined. 
The average germination percentage of isolated seed t rom 39 planls 
was 80,1 “"o. \\hereas non-isolated secd Irom the same plants showed 
an average germination ot 74.7 14ie ditierence is not significant, 
but neither does it indicate an\ delrimental inlhieiice ol the isolating 
melhods iised upon lh(' deselopmeiit ot the seed. The variation in 
germination percentage is greater in the isolated seed than in the non- 
isolated, but the ditierence is insiguiticant. Between germination per- 
cenlages ot isolated and non-isolated seed Irom ihe same mother plant 
there is a signilicant positive correlation, r = -f- 0,'>7. 

(.hloropliyll-delicient seedlings are rather numerous in many lam- 
ilies, / families (inlired) as well as K lamilies (after open pollination). 
Besides piire albino seedlings there occiir vellow and yellowish green 
ones. Ill some lamilies the segregation is probably monotactorial, in 
other cases it is decidedly more complicated. A couple of cases have 
been observed with white (chlorophyll-less) panicles. In the progeny 
alter one I. plant with white panicles there occurred normals and white 
panicles in a ratio approaching 1 : 2. l’his indicates that the white 
panicle should be the elfect ot a lethal lactor in a heterozygous State, 
(dilorophyll-delicienl seedlings in K material are more treqiieut atter 
highly inbred mother planls than alter less inbred ones. 

A very wide differentiation between individual plants ol the same 
progeny has been observed in regard to several characters, such as 
height, panicle-length, tillering, leafiness and winler-hardiness. This 
differentiation is in general more marked after isolation than atter free 
flowering. Sterile types have been observed in some lamilies, viz. 
plants without fertile straws or plants with abnormal panicles, lacking 
normally developed sexual organs. 

Great differences in winter-hardiness between / and K material w^ere 
observed in 1929. 39 groups of / and K progenies Irom the same 
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mother plant were sown in 1927. In 1929 15,5 % of the plants had died 
in the / families, the average morlality of the K families was only 
1,6 In material sown in 1928 the mortality was on an average 6,3 % 
in the inbred families but only 0,7 % in the corresponding families after 
open pollination. The differences between different families as regards 
mortality are in both cases significantly larger in the I material than in 
the K material. In two more closely examined pairs of families (/» and 
K from the same mother plant) the mortality was 27,2 % and 45,9 % 
in the families, 3,3 % and 6,9 % in the respective K families. In some 
cases a higk ra te of mortality occurs in families with chlorophyll- 
deficient seedlings, in other cases no such deficiencies are combined 
with the high mortality. No correlation can be demonstruted between 
mortality in I and Ä progenies after the same mother plant. 

In two pairs of /« and K families the tillering has been more 
accurately measured. In both cases it was significantly poorer in U 
than in K. 

In the same material the panicle length is significantly lower in 
/, than in K, 

In 114 cases the nican height of an I family (/i, /g, /i and / 4 ) is com- 
pared with the mean height of the K family from the same mother 
plant. The results are summarized in the lable below. 

/ significantly No significant I significantly 
lower than K difference taller than K 


Il coinpared with K 80 14 3 

» r K 13 1 

>> »K 36 11 

h » K 3 3 


In several cases in 1931 it has been possible to compare directly 
the height of the sexual progenies with the height of the vegetatively 
propagated mother plant. The comparisons between / and K progenies 
and the mother-clone are summarized below. 



K significantly 
tallcr than 

No significant 
difference 

K significantly 
lower than 


mother clone 

mother clone 

/n-clone compared wiih K . 

3 

4 

— 

/l- '> V 'S> K . 

3 

3 

— 

I r » >■' A K . 

12 

11 

1 

/r » » y> K . 

18 

9 

1 
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I siguificantJy 
lower than 
mother clone 

/, conipared wilh /o-clone .... 3 

h » > /u- > ....(> 

I 4 » » /;r .... 1 

Finally, tlie cases whero comparisons l>ehveen mother clone, K and 
l were possihle are sinninarized as follows <cl = mother clomM; — 

Å^r>cl>/ å:>cI^/ A K - I c\ - K ~= I 


/o-~/i — 1 3 l 

2 4 2 1 2 

I. -Ii 4 1 - 2 


If a total averaf:;e is taken, the inhred progenies are sif»niiieantly 
lower than K prof?enies, and the mother clones are intermediate. On an 
average mother clone and / tamily ditfer less in heif^ht than either one 
of them differs from K family. 1'he si^mificant averaf^e difference bel- 
ween I and K is found not only \vh(‘n all the material is tak(‘n togt‘ther. 
hut afso witliin smalier ^roups of material siich as all material in a 
year, all materhd of a certain strain. all material of a certain generation. 

On the other hand, the effect of iuhreeding upon height differs 
greatly after difterent isolated mother jilants, and these differences are 
significant. 'Fhis differentiation hetween mother plants as regards the 
effect of iuhreeding iipon their progeny is toiiiul within each separate 
year and also within each separat(‘ strain. Also, the differentiation is 
apparent whether the effect of iuhreeding is measured hy the difference 
hetween K and / or hy the difference hetween mother clone and /. The 
average iuhreeding effect is different in difterent strains, as represented 
in this material. No significant differences hetween the inhreeding 
effects in siiccessive inhred generations can be demonstrated in the 
material. 

Different / families within the same strain are widely and 
significantly different in regard to mean height. The same holds true 
of different K families within the same strain. The / progenies of 
plants isolaled in 1920 are significantly more differentiated than the 
K progenies of the same plants. Among the progenies of plants isolated 
in 1927 no siich differences in the degrec of differentiation can be de- 
monstrated between K and /. 

In the material of 1931 a coniparison is possihle between /, K and 
mother clones. Here tlie mother clones differ significantly more 


Xo significant 
difference 

8 

5 

4 


/ significantly 
tiiiler tlian 
mother clone 
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thaii the mean heights of K as well as I progenies. This holds true 
when the mother plants belong to /a as well as when they belong to h. 
Here, thus, sexual reproduction, selfing as well as open pollination, has 
decreased the differeiices existing between the mother plants. 

If the / and K progenies of the same mother plant are combined, 
there is again a strong differentiation between the mean heights of the 
groups thus constituled. Also there is a marked correlation between 
the mean heights of Ihe two progenies within such a group. It is thus 
possible to demonsirate the great influencc of the genetic constitution 
of the mother plant, not only upon the inbred progeny, but also upon 
the progeny after open flowering. Even when groups are made out of 
I and K, / and motlier clone or K and mother clone in the material of 
1931, the differentiation between the group-means is significant. 

Differenl commercial strains represent different height populations. 
Strain 404, which represents an /a generation derived from Kämpe (lo) 
is decidedly lower than the latter strain. On the othcr hand com- 
parative yield trials have shown that 404 yields considerably more green 
luatler than Kämpe, 13iis furnishes an example of the fact thal 
decrease in height is not always accoinpanied by decrease in general 
vigour, 

Progenies after different mother plants are also widely different as 
regards panicle length. There is a significant positive correlation, 
r — . + 0,07, between the panicle length of mother plani and progeny. 
In two cases, where this charaeter has been more thoroughly studied, 
the panicle is significantly shorter in I than in K, A decrease in panicle 
length in inbred progenies, as compared wilh the mother plants. could 
not be denionstrated. 

In mosi cases the variabilily is greater within the inbred families 
than within the corr(*sponding progenies after open pollination. In 
respect lo height this difference in variabilily between / and K could be 
demonstrated with great statistical significance. I families and K 
families bolh have a greater variability than the corresponding mother 
clones. 

Length of panicle and tillering also vary widely within the families. 
The degree of differentiation between individual plants as regards 
panicle length is different in different families, probably due to different 
degrees of heterozygosity in the mother plants. Two cases were more 
closely analysed. In one case the differentiation is the same within the 
I family and the corresponding K family, in the other case / is less 
differentiated than K. 
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The correlatioii betweeii inbreeding eilecl in heiglit (as measured 
by Ihe difference K - 1) and variability in / has been examined. The 
coefficieiits obtained are widely dillerenf in diiierent slrains, none of 
them is significant, neither are their diHerences. Kven if the material is 
combined and an average correlalion coeflicienl is caleulaled, Ihis is 
without any significance. 

In one iiibred family all the plants have been vegetalively pro- 
pagated. The variation l)el\veen the mean heiglits of the cloncs is 
significantly greater than betweeii the plantlets within the clones. 
Measurenients of height and panicle length in this material have been 
made in two different years. The \aliies in the ditferent years are signi- 
ficantly correlated, r — I and 1 (),()t> res[>eclively. 11 the correlated 
variation is eliminated, there still exists a variation b('lvvt‘en clone- 
means, vvhich is significantlv greater than that within the clones. 

No correlatioii betweeii panicle length and isolation-fertility coiild 
be denioiistrated in ihe material investigated in 1927. 

In 1929 a signilicant correlation could be demonstrated betweeii 
height and panicle length (r - t (),'»(►) as well as between height and 
genera! fertility (r— ' 0,)7l. There is probably also a genetical varia- 
tion in panicle length and in general fertilitv. which is independent of 
the height, altliough the existence ot this inde])endent variation could 
not be statistically proved. 

In the two pairs of / and K alreadv inentioned, vvhich were iii- 
vestigated in detail, positive correlations exisled betvv^een height and 
panicle length as well as between lieighi and tillering. In one ot tlie 
groiips the correlatioii between height and tillering is signilicant ly 
stronger in the I family than in tlu* K laniily. Tlie direct correlations 
between jianicle length and tilhaiiig are different in the two groiips. 
If the partial correlation between tliese two latter charaeters is 
deterniined, b\ eliminatiiig that part ot the variation in both vvhich is 
positively correlated wdth height, rather varying results are oldaiiied. 
In the 1 family ot one groiip there is a signilicant negative partial 
correlalion, in the K family ol the other gronp the partial correlation is 
significantly positive. In the two other families no significant correla- 
lion can be shown. 

In one /t family vvith great variation in different charaeters several 
correlations have been caleulaled. Significant positive correlations exist 
between height on one hand and general fertility, isolation-fertility, 
panicle length, and tillering on the other. An independent genetical 
variation in isolation-fertility is strongly suggested by the analysis of 
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variance of this character. An equally independent genetical variation 
in panicle length is also probable, bul not possible to prove. As regards 
the existence of independent variation in tillering and general fertility 
the material offers no possibilities for judging. If that part of variation 
in panicle length and tillering which is correlated with height is 
eliniinated, these characters are independent of one anotlier. 

The skewness of the distributions has been determined in some 
cases. 1 as well as K progenies of /« plants of Swedish Common Corn- 
inercial timothy show a weak and insignificant skewness, and there is 
no differeiice between I and /v. There is a suggestive positive correla- 
tion, however, between the skewness of / and K progenies from the 
same mother plant. In progenies after h plants of strain 1'21 there is a 
more marked negative skewness, significant in I progenies and rather 
suggestive in K progenies. The values of skewness are higher in I. than 
in A, but the difference is not significant. In this material the positive 
correlatioii between the skewness in an lo family and in the correspond- 
ing K family is significant. In progenies after plants of strain 121 
the negative skewness is still more marked, significant in / as well as in 
A, greater in / with a significant difference. It is thus apparent, that the 
negative skewness inereases with inereased inbreeding, and at the same 
time the difference between / and K progenies Ix^comes more marked. 
At the same time the variation between progenies from different mother 
plants, as regards skewness, inereases with inereased inbreeding. This 
differentiation between different progenies is more marked in I pro- 
genies than in K progenies. The difference between / and K families 
as regards skewness, and the difference between the same families as 
regards mean height (i. e. > inbreeding effeet»), have been correlated. 
In the progeny of /j plants there is a suggestive negative correlatioii, 
but as no correlatioii is found in the other groups of material this is 
probably only a chance occurrence. 

4. REVIEV OF RESULTS IN OTHER GRASS SPECIES* 
a) THE GENUS LOLIUM. 

L. perenne L. 

Fertility, — In general the seed setting on isolation is very low, the 
average of isolations made in 1928 was 7,3 ?o . There are great differ- 
ences between different plants, however, the individual values ranging 
between 0 and 34,7 ?o . The intcr-plant variation is significantly greater 
than the intra-plant variation. 
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Tlu* seed setting on isolation is diffcrent in diiferent years, but 
there is a marked positive correlation, r — + 0 , 72 , belween the seed 
setting of the same individuals in different years. 

Inbred progenies afler different motlier-planls have significantly 
diffcrent percenlages of seed setting on isolation, the averages for such 
progenies ranging between 0,i and 20,9 seeds per panicle. There is a 
strong positive correlation, r ~ + 0,9i, between llie seed setting of the 
mother plant and the average seed selting of the inbred progeny. The 
herilable nature of llie variation in isolation-fertility may, therefore, be 
considered ciearly evident. 

Besides the significant differences belween the progeny averages, 
there is a wide variation belween different plants in the same famiJy, 
as regards isolation-fertility. 

The seed setting in opeiily pollinated flowers was ralher low in 
1928, ranging between .‘b.) % and 75.4 % in individnal plants, willi an 
average of 84,2 % . No correlation eould be demonstrated l)etween the 
seed setting on free flowering and thal on isolation. 

In most of the plants invesligated the pollen was normally 
developed. In 5 plants, however, the percentage of normal pollen was 
low, and these j)lants must be considered as partially inalc sterile. No 
significant correlation eould be demonstrated between |)olien develop- 
ment and isolation-fertility. Between pollen development and general 
fertility of openly pollinated flowers there is a suggestive positive cor- 
relation, wiiich indicates the exislence of a close connection between 
male and female fertility. 

Significant differences have been shown to exist between the dif- 
ferent plants as regards size of panicle. 

Inhreeding effeeta. - (diloro()hyH-deficient seedlings rather often 
oceur in inbred progenies, no definite factorial analysis eould be made, 
however. 

In the progenies of two different plants a dwarf-type was observed, 
which was complelely sterile but developed Imlbils at the nodes of the 
straws. Probably this dwarf is a double recessive. 

The occurrence of other lethal faetors is indicated by the low 
germination percentage in sonie families, which also gave some weak 
and abnormally developed seedlings. 

Great variation in the inbred progenies was observed also in other 
charaeters, such as height, tillering, and leafiness, although no definite 
measurements were made. 
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On an average the isolation-fertility was lower in the inbred 
progeny than in the mother plant, the decrease being caused by the 
occurrence of plants with low vitality, which lower the average 
fertility. 


L. niultiflorum Lam. 

Fertility, — The fertility upon isolation is vcry low, varying bet- 
ween 0 and 5,4 % in the plants investigated. No significant differences 
between the plants could be demonstrated, nor any such differences 
between the averages of different inbred progenies. 

Between the isolation-fertility of the mother plant, and the average 
isolation-fertility of its inbred progeny there is a correlation of + 0,43. 
With the small number of pairs available, this correlation is not 
significant, and the heritable nature of isolation-fertility in Lolium 
multifloTum could, therefore, not be definitely proved. 

From the investigations made on L, perenne and L, multifloriim it 
appears that the isolation-fertility is significantly lower in the latter 
species. If the inbred material of the two species is compared, the 
relation is the reverse, The cause of this rcversion is twofold, viz. 
partly the occurrence of less vital plants in L. perenne, partly the fact 
that by chance Ihe inbred family of this species having the largest 
number of individuals also shows the lowest degree ot isolation- 
fertility. 

The size of the panicles, as measured by the number of florets, is 
significantly difterent in ditferent plants. A significant difference also 
exists between the two species, L. multifloriim having the largest num- 
ber of florets per panicle. 

Inbreeding effects, — Chlorophyll-deficient seedlings ha ve been 
noted in the inbred progenies of 6 mother plants, hut no factorial 
analysis was possible. 

A large number of dead seeds occurred af ter isolation of 5 Ii plants, 
all derived from the same mother plant. In the progenies of these /j 
plants abnormal seedlings and weak individuals were also rather coni- 
mon, all of which indicates a segregation in lethal factors. 

The effect of inbreeding is in general less pronounced in L. multi- 
florum than in L. perenne, and unfavourable effects have been noted 
in fewer cases in the former species. 

No average decrease in isolation-fertility from mother plant to 
inbred progeny could be demonstrated. 
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L. remofunr Schrank and L. temulentiim L. 

A few plants of oach of these species were isolated iii 1930. The 
isolat ion-fertility was ^»enerally very high, in one plant of L. remotiim 
even as high as 97,7 %, which indicates coinplete self-iertility. 


b) THE GENUS FESTUCA. 

F. Tiihra L. 

Fertility. -- The isolation-fertility of plants isolated in 1928 
aniounts to 3,8 % on an average, in 1929 the same value is 9,2 'o. The 
variation between diflerent plants is considerable, the extreme values 
in 1928 heing 0 and 12, (• in 1929 0 and 41,:» %. In 1928 6 plants did 
not give any seed at alh in 1929 2 plants were equally sterile. Three 
of the sterile plants in 1928 were again isolaled in 1929. Two plants 
were again completely sterile, the third one gave a very small amount 
of seed. 

The seed setting on isolation differs significantly mon^ helween 
different bags on the sanu* plant than between different panicles within 
the same bag. The variation between the plants is significantly larger 
than within the plants, which indicates hereditary differenct^s between 
different plants as regards isolation-fertility. 

'riie seed sclting in openly pollinated flowers was only dett^rmined 
in 1928. The average value was 47,o the iudividual plants raiiging 
from 2,1 ?(j to 85,« 

The isolalion-fertility and the general fertilily are significantly 
correlated, r— f- If that part of the isolation-fertility, which is 
correlated with general fertilily, is climinated there still reinains a 
variation between the plants which is significantly larger than the 
variation within the i)lanls. The existenct» of hereditary diff(‘rences 
in isolation-fertility, independent of general fertilily, is t hus rather 
probable. 

There are great differences between the different plants as regards 
size of panicle, measured by the number of florets. 

Inhreeding effects, — A few albino plants were observed in one 
inbred family. The development of iiibred and non-inbred progcaiies 
was observed, but no measurcments were taken. The variability was 
greater in the l progenies than in the K inogenies. In some cases, the 
vitality was apparently lower after selfing, in other cases no such effect 
of inhreeding could be observed. 
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F. ovina ’L. 

Three plants of this species were isolated in a greenhouse in 1928. 
One of these plants did not give any seed at all, tlie two other gave 12 
and 27 seeds on 30 and 73 panicles respectively. 

c) THE GENUS POA. 

P, pratensis L. 

Fertility. — In 1929 52 plants of sm ooth-s talked meadow grass, 
belonging to different morphological types, were isolated. 5 of these 
plants were completely »self-sterile», 14 plants had less than 10 % seed 
setting while the others were fairly fertile, the maximum fertility 
being 78 , % in one plant. The 5 »self-sterile» plants were again 
isolated in 1930. In this year, three of tliem wert» completely sterile 
upon isolation, a tourth plant gave 0,(i7 % seed, while one gave 21 % 
seed in 1930. 

The seed setting in openly pollinated flowers was determincd on 
13 of the isolated plants. Different values were obtained, ranging from 
2,6 % to 78,1 the average value being 55, i %, whereas the average 
value of the same plants after isolation was 20,7 %, The variation in 
seed setting between the plants is insignificantly greater on free flower- 
ing than on isolation. 

There is a positive correlation, r=^+0,45 (probability 90:10), 
between isolation-fertility and general fertility. 

Inbrevding effeets. — According to the observations made on in- 
bred material, no unfavourable effeet of the inbreeding seems to oceur. 
Neither chlorophyll-deficient seedlings nor any other lethal or sub- 
lethal combinations were found. 

d) THE GENUS ALOPECUHUS. 

A, pratensis L. 

Fertility, — The isolation-fertility was determined on 16 plants in 
1928, wliich gave an average of 3,4 seeds to the panicle cm. This value 
corresponds to aboui 9 % of the number of florets in a normal panicle. 
One of the plants was completely sterile upon isolation, the others 
gave values varying between 0,3 and 27,6 seeds to the panicle cm. 
corresponding to about 0,7 % and 73 % respectively of the number of 
florets. 
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The variation in seed setting hetwcen ditferenl i)ags on Ihe same 
plant is not greater tliaii the variation belween panides witliin tlie 
same bag. The inler-plaiit variation is signilicantly grealer Ihan the 
intra-plant variation, which indicates genotypical dillerenees hetween 
the plants in isolation-fertility. 

Kven the panide length is different in differenl plants. 

The general ferlilily on open flowering has not heeii determined, 
nor have any studies been made concerning the et teet ot inhreeding. 

IV. DISCUSSION* 

1. FERTILITY AND STERILITY. 

While the term fertility is iised lo denole the ability ot sevual 
reprodiiclion, the term slerilily is iised tor such phenomena as impair 
this ability. Several authors ha\e made atlempls al a dassil ication ot 
the ditterent causes of sterility. Oelkers (1927) has dearly detined 
lethality and sterility, and also distinguislies hetween sterility in the 
haplo-phase and the diplo-phase. ('.rank and Lawrence (1929) 
dislingnish hetween three kinds ot sterility, viz. 1 ) generational sterility. 
2) morphological sterility and 3) incompatihility. Bkieger (1930) uses 
the terms > genuine sterility (echte Sterilität) and j)arasterility . the 
latter term is synonymous with incompatihility (Stout 1917). 
MOntzing (1930) dixides the sterility phenomena into two main 
dasses, 1) sterility in a strid sense and 2) selt-sterilit\ and sterility due 
to modifying influences, and lurther he divides the sterility sens. strict. 
into haplontic and diplontic sterility. 

In the author's grass investigations, part ol which are recorded 
here, several kinds ol* sterility have been mel wilh. I tilizing some ot 
the above quoted dislinetions and detinitions, the tollowing classit ica- 
tion of the phenomena encountered has been adopted: l) genuine 
sterility (haplontic or diplontic), caiised by partial or absolute lethality 
in the haplo-phase or in the diplo-phase (MTntzing 1930); 2) modi- 
ficative sterility, caused by em ironmental influences and 3) inconi- 
patibility, viz. the prevention ol fertili/ation by genetic faetors in spite 
of full vitality in the haplo-phase as well as in the diplo-phase. In- 
coinpatibility may prevent fertilization within an individual (self-in- 
compatibility, self -sterili ty) or belween different individuals (cross- 
incompatibility ). The more complicated cases of non-fertilization bet- 
ween different species are also regarded as incompatibility. 

In the investigations recorded here two kinds of fertility have 
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heen studied, viz. general fertility, determined by the amount of seed 
setting on open flowering, and self-fertility, or rather isolation-fertility, 
measured by the amount of seed developed within isolation bags. 
(ieneral ferlility and isolation-fertility were studied as separate cha- 
racters, but atteinpts have also been made to detcrmine to what extent 
isolalion-fertility is dependent on different degrees of general fcrtility. 

The analysis of variance has been extensively used as a means of 
distinguishing different causes for Ihe variation in fertility. The varia- 
tion between different panicles on the same plant (intra-plant variance) 
is caused entirely l)y modificalory influences by the environment, and 
thus offers a possibility of estimating quantilatively the effect of the 
environment. The variation between diflerent plants (inter-plant 
variance) is caused, parlly by environmental modifications, parlly by 
genotypical differences between the plants. The environment must be 
assuined to cause a wider variation between different plants than 
between panicles of the same plant, but the inter-plant modifications 
are most probably of the same size-order as the intra-plant modifica- 
tions, at least when no great differences in flowering time are involved. 
Thus, when the inter-plant variance is very inuch greater than the 
intra-plant variance, this may be taken as a strong indication of geno- 
typical differentiation in the material. 

Tlie heritable nature of differences in fertility is also proved by 
correlations between the fertility-values of the same plants in different 
years. Such correlations ma3\ to .some extent, be caused by environ- 
inenlal influences, when the site of the plant is the same in l)oth years. 
Transplantation must, howevcr, set aside all environmental correlation, 
and therefore a correlation between the fertility-values of transplanted 
individuals in different years makes it possible to estimate a minimum 
value of the relative iniporlance of constitutional differences. The in- 
fluence of these genetical differences, however, may often be greater 
than that indicaled by the correlation. The genelic constilution of an 
individual gives Ihe mode of reaciion, The different weather condi- 
lions in two years may easily reverse the relation between two dif- 
ferenl biotypes. All such reversals tend to diniinish the correlations 
between dilferent years, and may in extreme cases resiilt in the total 
absence of an^- correlation, in spite of the faet lliat great genotypical 
differences exist. 

(icneml fertility. — For openly pollinated plants there is a theo- 
relical possibility that 100 % of the florets in hermaphroditic indi- 
viduals should give rise to viable seeds. In no instance in this in- 
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vestigalion, howevor, has Ihis value been attaiued. and a seed setiing 
of 100 % seeiiis lo be verv rare in alloganious graininea\ (Cp. 
Beddows 1931, Troll 1931). Similar results have been oblained l)y 
IlERiBERT Nilsson (1916) and Ulrich (19021 in rye. Kven in auto- 
gamoiis species Ihe 100 % poinl seenis to l)e reaehed ]jut very rar(‘ly 
(Beddows 1931). 

Even when no genuine sterilily and no inconipatibility impair Ihe 
Iructification, it inay still be infliieneed to a considera])le extent l)y 
environment. Discussioiis of Ihis inodificatory sterility can bi* found 
in paptTs by Ernst (1918) and Tisciiler (1928). For wind-pollinated 
grasses the weather eonditions are prohaldy of prevailing importance. 
Il is a well-known fact in coniinereial seed-growing tlial different years 
are more or less favoural)le for pollination (Sylvéx 1929). Knoll 
(1929) has stiidied the influtaice of different eiivironniental factors 
upon the seed setting and has shown that in many cases the absolule 
ainount of moisture in the air is of fundamental importance, a negative 
correlalion existing behveen seed selling and the al>solute moisture- 
conlent of the air. Fruwirtii (1916) has shown that light and teiu- 
perature eonditions hav(‘ a greal influenc(‘ on Ihe developinent of the 
sexual organs. No din‘cl studies of the influence of diflVrent years 
upon the seed setting were made in Ihis investigalion and no data for 
general fertilily in different \ears ol the same malerial are available. 

(ienuine haplontio sterility, caused by partial lethalily in the haplo- 
phase has been observed in a few cases. The cases of poorly developed 
pollen in Loliuni pereuue <j). 119) and Pod prdtensis (F. Nilsson 
1933 a) l)elong to this type of sterilily. Positive correlalion exists bet- 
ween the percentage of normal pollen and the degree of seed setting, 
and thus il seems probahle that lethalily in the male gametes is ac- 
companied by a corresponding lethality in the female gametes, \vhere!)y 
the general fertilily is decreased. 

(ienuine dijilonlic sterility has been observed in several cases. 
Iliose belonging to this group of phenomena are the lethal embryos 
in Lolium perenne (page 119), L. nmltifloriim (page 120) and Phlciim 
pratense (page 94), chlorophyll-deficient seedlings and olher weak in- 
dividuals that never reach the slage of fructification. Olher such 
cases are listed here as abnormal planls withoul functionaling sexual 
organs, e. g. dwarfs in Lolium perenne (page 119), and individuals 
without any fertile straws or with abnormal spikes in Dactglis and 
Phleunu 

A few interesting cases have been observed, where complete 
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diplontic sexual sterility was combincd with the development of special 
organs for vegetative propagation. Sterile dwarfs of Lolium perenne 
were observed, which at the nodes had bulbils, capable of further 
development. Some Dac/y/is-plants with low fertility have a marked 
iendency to develop the florets inlo structures, very similar to the 
bulbils of truc viviparous torms. No direct evidence was obtained that 
these »bulbils > develop rootlets, but it is very probable that under 
favourable conditions they may do so. Modificatory vivipary in grasses 
has been observed by Jenkin (1922), Tincker (1925), Thoenes (1929), 
Turesson (1926, 1930 a) and Beddows (1931). The last-meutioned 
writer has observed »plaiit-like structures» in sterile spikelets in Cyno- 
suriis crhtatus, indicating the possibility tor vegetative propagation, 
and writes: »These viviparous spikelets are rarely loosened, but the 
flower-heads may bc so heavy that they lie upon the ground, in which 
position they are able to develop roots». The viviparous spikes of 
FestiiCd ovina behave in the very same manner (Turesson 1926). The 
nodosiim variety ot timothy grass has often a very low lertilily (coni- 
pare pages 50 and 110 and ulso Sylvén 1929 and Jenkin 1931 d), but 
has in its slolons a means of vegetative propagation. Several cases 
are thus recorded among the grasses, in which sterility is associated 
with special organs for vegetative propagation. 

Individuals with apparently normal spikes but without any seed 
setling have been observed in most ot the species studied. As no close 
investigations were made, it is impossible to decide wJiether haplontic 
or diplontic sterility is present. In timothy purely male or lemale 
plants may occur. Sylvén (1929) has found cases oi complete male 
sterility and Witte (1919 b) has shown that this species is sometimes 
trioecious with male, temale and hermaphroditic tlorels on ditterenl 
individuals. Even in other species a difterentialion ol the plants as 
regards sex may occur (compare Jenkin 1931 d, Beddows 1931). 

The possible occurrence of incompatibility could not be de- 
monstrated in the material, but it does not seem impossible that in 
some cases it may have contributed to a decrease in the seed setting on 
open flowering Jenkin (1931 d) has demonstrated »inter-sterility» in 
timothy, and has poinied out that the sterility of nodosum-plants, 
lound bv Sylvén (1. c.), might be caused by the lack of compatible 
pollen. In the material ol the present invesligation there is special 
reason to suspect incompatibility as a cause ol decreased seed setting 
in inbred material. The inbred plants are mainly pollinated from their 
neighbouring sibs, and many ol these may belong to the same biotype 
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as regards sterilily taclors. Under certain local or weather conditions 
the pollen frorn unrelaied individiials may be insuflicient, and incoin- 
patibility in combinalion witli environnienlal factors may, therefore, 
in many cases considerably iinpair Ibe seed sel ting. 

In the species investigated tbere are very great dilTerences Ixdween 
different plants in respect to seed selting in iree Howering. The ana- 
lysis of variance sliows that these differences can hardly be due to 
environmental inodifications only, but must be due to conslitiilional 
differences, causing genuine haplontic or diplontic sterilily or even 
incompatibiliiy. 

Self-fertility. — Self-fertilily is the capacity of tln* pollen to lertilize 
the eggs of the same plant. In older days only pollinalion within the 
same flower was counted as self-fertilization (Hij.debrand 1872, 
(lODRON 1873). Darwin (1876) gave the modern definition, whieh is 
correct from a genetical jioint of view, i. e. self-pollinalion means 
pollinalion within the same individual, cross-pollination lakes place, 
when the eggs are pollinated with pollen from a distinct plant of the 
same species v. 

The first to demonstrate self-slerility was K(‘)LRELTER (1764) in 
Verhasctun phoeniceinn. llis results were corroboraled by Darw^in 
(1876) who made exlensive studies of self- and cross-pollination in 
different plants. At present there is an immense literature on the 
subjecl of self-fertility in a great nuinber of plant species (for referi‘nce 
see Lehmann 1928, I’ast 1929, Briegkii 1930). The tliorough in- 
vestigations made, especially in Sicoiufiui, ha ve resulted in a genetical 
theory of self-sterility, which explains a majority of the phenomena 
observed. According to this theory, self-sterility factors in series of 
multiple allelomorphs are the cause of the grouping of the individiials 
into intra-sterile but inter-fertile groups. 

The first attempts to determine the seed setting oii isolation in 
graininea) were made by \\'ilson (1876) in barley, Himpau (1877) in 
rye and KOrnicke (1890) in herbage grasses. Since then nuinerous 
investigations have betm made, among which may be especially 
menlioned those by Fruwirth (1916), Kkandsen 11917), Clarke 
(1927), Knoll (1929), Gregor (1928), Sylvén (1929), Jenkin (1931 a). 
Troll (1931), Beddows (1931) and Valle (1931 a and b). A complele 
list of the literature is given by Beddows (1931). 

11 is very difficult to determine the exact degree of self-fertility, 
since all the different methods for the exclusion of foreign pollen 
involve factors that may influence the degree of seed setting more or 
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less. Isolation by distance offers the most natural conditions for the 
development of seed, but by this method foreign pollen cannot be 
excluded with absolute certainty. In most cases, therefore, different 
devices have been used, in which plants or inflorescences have been 
enclosed. Knoll (1929) has shown Ihat more natural conditions for 
development are obtained by enclosing only the panicles and not the 
whole plants. Sylvén (1929) has studied the influence upon the seed 
setting of the number of panicles enclosed in one bag and of the mode 
of attaching the bag to the supporter. From the results he concludes 
that the best seed setling is obtained when several panicles are enclosed 
in each bag, and the bags are not fixed to any kind of support. 

On the other hand, Knoll (1. c.) maintains that if many panicles 
are enclosed in the same bag, the ensuing increase in moisture will be 
unfavourable for pollination. 

Pergamine bags are becoming more and more used as isolating 
material, and seem to give good results. One drawback of these bags 
is, however, that thev are easily daniaged by wind and rain, and that 
therefore a considerable number of isolations must be discarded. That 
the pergamine bags, used in the investigations recorded here, have not 
had any detrimental influence upon the seed is indicated among other 
things by the fact that the germination percentage, investigated in one 
groiip of material, was even higher in the isolated than in the non- 
isolated seed (page 94). That unfavourable conditions inside the bags 
are of comparatively small importance for the output of seed is shown 
by the wide variation in seed setling between different isolated indi- 
viduals, and especially by the fact that in self-fertile species (page 121 
and unpublished data) an almost complete seed setting is obtained 
within the bags. 

By enclosing the panicles pollination may be more or less prevented. 
Investigations by Sylvén (1. c.) on timothy and cocksfoot have shown, 
however, that in these grasses the pollination within the bags is fairly 
good, and on an average artificial selfing within the bags did not in- 
crease the seed setting. If the bags are large enough and not too 
firmly attached to the supporter, a deficiency in pollination will hardly 
cause any considerable decrease in the seed setting. 

Thus, if it can he maintained that modificatory influences by the 
isolation bags cannot be the main cause of low seed setting on isolation, 
it is nevertheless probable that the real self-fertility is higher than the 
results obtained indicate. If by self-fertility we mean the maximum 
seed setting to be obtained under extremely favourable conditions, then 
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the averagc value of scveral isolated panicles on each plant will nearly 
always be too low. Even if neithcr genuine sterility nor incompatibilily 
are present, and even if the bags as such do not exercise any un- 
favourable influenccs, the seed setting will be inipaired by modi- 
ficatory influences in many cases, just as is the case in open pollina- 
tion (compare Fruwirth 1916, 1917, Knoll 1929). Sylvén (1929) 
uses the highest values, obtained from single panicles, as a measure 
of the self-fertility. These values will, no doubl, approach the maxim uin 
self-fertility moro Ihan the averages, hut they give no exact information 
as to what may be accomplished under the most favourable condi- 
tions. If we wish to study th(‘ variation in self-fertility between dif- 
ferenl individuals and ditferent populations, the averages are better 
than the maximum within each plant, l^sing only the highest single 
panicle value of each plant, we must calculate with very great modi- 
ficalory differences between plants, and we lose all possibiiities of 
judging quantitatively the influence of modifications. If the average 
of several panicles from each plant is used, the modificatory differences 
between plants are greatly reduced. and the variation betw^een panicles 
on the same plant offers a means of estimating the imporlance of modi- 
fications. We havc only to keep in inind that the self-fertility values, 
used in this investigation, are nol absolute values, but relative, offering 
the best measure available of the (Hffvrcut dcgrees of sclf-fertiiiti], en- 
countered in different individuals and populations. 

As has been slaled, modifications of different kinds may iinpair 
the seed setting within the bags. llie irnportance of the modifications 
is measured by the differences between different isolaled panicles on 
the same plant as regards seed setting. The cause of modifications 
may be of different kinds. Some of them have been mentioned in 
discussing the method of isolating einployed, but is has been shown 
that the abnormal condilions within the bags must be of coinparatively 
little irnportance. That the bagging has some influence is shown by 
the faet that in some groiips of material the variation is greater between 
isolated panicles than belween free (page 47). Indirectly the isolation 
may incrcase the modifications, siiice the bagging may exaggerate the 
influence of weather conditions al the lime of pollination. Very im- 
portanl causes of modifications are accidental injuries, which are more 
likely to hurt the isolated panicles than the free ones. Aniong such 
accidental injuries may be mentioned parasites and mechanical dam- 
ages. Parasites, fungi and inseets, have not been observed to harm the 
isolated panicles but it has not been possible eiitirely lo avoid me- 

Neredltas XJX. i) 
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chanical injuries. Great damage has been observed, causing the material 
to be discarded, but even invisible breaks in the straw may prevent the 
circulation and cause sterility. Minor mechanical injuries are probably 
the cause of sterility in some panicles, when other panicles of the same 
plant give much seed (page 43). 

Besides the factors mentioned, which may cause differences bet- 
ween panicles on the same plant, and also between different plants, 
there are olhers, which may cause further differences between dif- 
ferent plants or between plantlets belonging to the same clone. Such 
factors are modifications in the vigour of the plant, the amount of 
moisture and nulrient in Ihe soil etc. Jenkin (1931 b) has found very 
great differences between different results from one and the same 
individual in Lolium perenne, and writes: ». . . it may be noted that the 
variation in the results for any particular plant appears not to be due 
to any single and obvious environmental factor, although it has been 
suggested that the vigour of the plant or plantlet may to some extent 
be correlated with degree of self-fertility shown in the results. Such 
correlation is, however, by no means constant and absolute, so that it 
cannot account except to a very slight extent for the extreme range of 
fluctuation shown by each of these plants. These results, therefore, 
may be considered to represent approximately what is generally to be 
expected, and they show that a single result or even a fcw results 
cannot be regarded as anything but an approximate representation of 
the potential self-fertility of the plant conccrned». 

The causes of modifications, which do not express themselves in 
differences between panicles on the same plant, but only in differences 
between plants, cannot be quantitatively estimated by the intra-plant 
variation. In one case, however, (pages 59 and 92) the material has 
been clonally propagated, and the variation between plantlets of the 
same clone furnishes an estimate of the modifying influences. operative 
only between plants. The variation between the plantlets is greater 
than that within the plantlets, thus supplying full evidence for the 
existence of modificatory influences, manifesting themselves only in 
plant-differences. 

lh\sides the differences in seed setting on isolation, caused by the 
various environmental factors, now under diseussion, there are also 
geiictical differences in this respect, as has been pointed out by several 
authors (VVitte 1919 a, Sylvén 1929, Knoll 1929, Valle 1931b, 
Jenkin 1931b and c, Gregor 1928 and others). The existence of 
genetical differences between plants may be proved in different ways. 
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If there is a correlation hetween fhe dej^reos of seed set ting in the same 
individuals under dilferenl environmeiital conditions, this proves the 
existence of genetical difterentiation belween individuals. The liinita- 
lions of this method have been discussed already (page 124). Hayes 
and Barker (1922) and IIayes and ('.larke (1925) liave ibund sueh 
correlalions in timothy grass, and even in the pn^scmt investigation sueli 
correlations have been demonstrated (page 50). 

Another way of proving the existence of genetical differences is to 
demonstrate that the differences l)etween plants is loo great to have 
been caused by the inoditicalions. In inost groiips of material the 
variation betwecn plants is verv imich great(*r than that within plants, 
which sliould prove the existence of genetical differences. It was 
mentioiied above, however, that the plant-differences are to some 
extent caused by fiirther en\ ironmental iniluences, not measured by 
the intra-plant variation, 'flie clonal material, however, cdfers a means 
of estimating the size of the inter-plant modifications, and these are 
decidedly smaller Ihan the lotal iiiter-plant variation. In one family. 
v^diere all individuals have formed clones, the inter-clone variation is 
dirt‘ctly comparable with tlie inler*planllet variation within the clones, 
and here definile proof could be advancc^d that the individuals were 
genotypically diflerent. But even in the other groups of material the 
inter-plant variation is so niuch greater than the inter-planllet varia- 
tion in the case meiilioned that it may be considered fpiite cerlain that 
genoty|)ical differences exist betwecn the plants. In a few cases the 
material is too scanly for any definile statemeiit, and in Loliiim multi- 
jlonim the differences betwecn plants are so small that they miglit 
have been caused enlirely by eiivironmental influences, in this species, 
therefore, no genetical differen tia tion could be demonstrated. In the 
highly self-fertile species LoUnm remoiiim and L. tcmulenium il is 
possible that all individuals are cjuile self-fertile, and that no genetical 
difterentiation in this respecl occurs. 

The heritable nature of differential self-fertility is furlher proved 
by the correlation betwecn mother plant and progeny in this nvspect. 
Such correlations could be shown to exist in Loliiim pereime and 
Phleiim pratense, 

The factorial basis of self-fertility could not be ascertained, but a 
very wide segregation was observed after different isölated mother 
plants in Loliiim pereime and Plileiim pnitense, The degrec of dif- 
ferentiation is, however, very different in different progenies, probably 
depending upon different genotypical conslitutions of the mother 
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plants. In some inbred families of timothy all plants have a com- 
paratively high degree of self-fertility, in other families all individuals 
are nearly or completely self -sterile, most families again show a wide 
segregation. Selection for high degrees of self-fertility has, therefore, 
in many cases good results Icompare Heribert Nilsson's (1916) results 
in rye]. In no instance has a family shown an apparently conslant 
interniediate degree of self-fertility. This indicates that only a few 
faciors, having a greal effect, are mainly rcsponsible for the genetical 
variation in this characler, while modifiers must be supposed to caiise 
smaller gradations. The material does not permit of any definite state- 
rnenis to this effect, but the results agree completely with tliose obtained 
by Valle (1931 b). 

The low degree of self-fertility, found in most instances, is probably 
due chiefly io sclf-incompatibiliiy, but also genuine sterility may occur. 
In the cases where haplontic or diplontic genuine sterility iiiipairs the 
general fertility, the low degree of self-fertility mus! be ascribed to the 
same causes. Haplontic sterility seems to be the cause of the »self- 
sterility» in three cases in Poa pratensis, A partial haplontic sterility 
in the male gametes occurriiig in Lolium perenne has apparently had 
no influence on the self-fertility, since no correlation exists between 
the percentage of normal pollen and the percentage of seed setting on 
isolation. The probable explanation is that the self-ferlility is so low 
that even a considerahle male sterility does not appreciably influence 
it: there is always enough viable pollen to accomplish the few self- 
fertilizations possible. Further, modifications may disguise a weak 
existent correlation. 

Differen! morphological types of timothy have different average 
degrees of self-fertility. In the investigations recorded here, the nodo- 
sum-varicly was decidedly less self-fertile than the tall hay-type. 
Similar results were obtained by Sylvén (1929) and Jenkin (1931 d). 
The difference is very great, and may depend on differences in chro- 
mosome number, which is 14 in nodosiim and 42 in the erect type 
(Gregor and Sansome 1930). As pointed oiit by Lawrence (1930) 
and MOntzing (1932 a) polyploid species are in general more self-fertile 
than diploids, which may have to do with different numbers of st(»rility 
or fertility genes. 

Different strains of tall timothy also have different average degrees 
of self-fertility. The Kämpe strain, derived from Finnish timothy, is 
on an average much less self-fertile than strain 121, derived from 
.Swedish stock. Here is an indication, as in Trollas (1931) investiga- 
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tions, tluil tiniothy grass from dillVrcnl regiens inay show diff orent 
degrees of sclf-fertilily, which miglit explain the coiitradictory results 
obtained by investigalors in differenl couniries. 

The opinion has oflcn been expressed that inbreeding causes a 
decrease in fertility. The results presented here do not sui)porl the 
theory that inbreeding, as siieh, causes a general lowering of the 
fertility, but they indicate a segregation into widely different types, 
fertile as well as sterih\ As already mentioned, there is a very marked 
differeiitiation as regards self-ferlilily between individual planls of in- 
bred progenies, and fiirtluT, sterile segregates appear. These inay ha ve 
diploutic pr haplontic sterility, and in the latter case the sterility luay 
oeciir in bolh sexes or only in one of tliein. In extreme cases Ihis may 
rosull in a different ial io n into monoecious, dioecious and trioecious 
strains (se(‘ i)ag4i 121)1. A sex-diflerentiation has also been observed by 
Jones (1918) to oceur in maize, he vvrites: v. . . inbreeding is bringing 
aboul a tendency for maize to cliangti from a funclionally monoecious 
plant to a functionally dioecious plant, allhough, morphologically, hoth 
staminale and pistillate parts are present». (Also compare Jones 1931.) 
The segregation of sterile tyi)es has also been observed in Drosopbila 
(Moenkhaus 1911, Hyde 1924) and by Wright (1922 a and h) in 
guinea pigs, where also different types of sterility could he 
dislingiiished. 

Some /;{ j)lants of strain 12/ give very high seed selling on isolation, 
while otluTs are coinplelely self-sterile. This again proves that in- 
hreeding has no general effeet on self-fertilify, hut simply brings ahout 
a differenliation into differenl biolypes. 

(h.ARKE (1927) foimd a correlation between vigour and fertility. 
In the present investigation such correlations arc‘ also found. Plants 
with ralher low vitality are generally unahle to develop much seed, 
and in tiniothy grass correlations have been delermined between height 
and fertility (page 90). Other quantitative charaeters may also be 
correlated with fertility, hut in the more closely investigated cases 
tliese charaeters are then correlated with the height, in the same manner 
as the fertility, and if the coniinon correlation with the height is 
eliminated, by caleulating partial correlations, then no independent 
correlation is found between fertility and other charaeters. In some 
cases at least where fertility is correlated with height there are, how- 
ever, strong indications of a variation in fertility, which is independent 
of the height. 

Correlations between general fertility and self- fertility. — Correla- 
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tions between general fertility and isolation-fertility could be de- 
monstrated in Festuca rubra, F. pratensis, Poa pratemis and Phieum 
pratense, but not in Lolium perenne or L. multiflorum. The correla- 
tions necd not, however, necessarily indicate a deep connection between 
general fertility and self-ferlility. Parallel modifications may influence 
the seed setling insidc as well as outside the bags, resulting in a correla- 
tion. In extreme cases, however, common genetical causes for general 
and self-fertilily must be assumed. The fact that segregates wilh 
dipiontic or haplontic sterilily are also more or less self-slerile has just 
been menfioned, and the present material offers several instances of 
this parallelism between general and self-sterility. 

One other fact may cause a correlation between general fertility 
and self-fertility, viz. the fact Ihat in inbred material the individuals 
are surrounded by plants belonging to the same family. Most of the 
pollen availahle probably conu‘s from the neighbours in the field, and 
since these are closely relaled there are greal j)ossihilities of their 
belonging to the same intra-sterile group as the selected mother plant 
of the family. This fact may, as already mentioned, possibly influence 
the seed setting in general, and also bring about a correlation between 
apparent general fertility and self-fertility, 

There is, thus, a correlation between general and self-fertility, 
inasmuch as, in many cases, decreases in both kinds of fertility are 
due to common causes. Ry the aid of an analysis of variance it is, 
however, possible to show, with great probability, that there is also a 
variation in self-fertility, independent of the general fertility. By means 
of the regression of self-fertility upon general fertility il is then possible 
to deduet that part of the variation in the former which is parallel to 
variation in the latter. The remaining variation in self-tertility between 
plants is greater than the variation witliin plants, and it is also iniich 
greater than the modificatory variation between plantlets, found in 
clonal material (compare page 89). This remaining variation is, there- 
fore, most probably not caused only by environmental influences but 
is of a genotypical nature. It has, thus, been possible lo distinguish 
between fertility in general and self-fertility, and to show that even in a 
material, homogeneous in regard lo general fertility, there will oceur 
differences in self-fertility, and that this latter is an independent 
charaeter. 

These studies of fertility have as their main result furnished 
evidence that a wide differentiation is found in nature, between indi- 
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viduals and also between diffcrent commercial strains, products ol 
previous breeding work or diffcrent populations of cultivaled grasses. 
They Jiave, further, showii that Ihe self-fertility is to a greal extenl 
dependent upoii Ihe degree of general fertility, and to sonie ex lent also 
upon the general vigour of ihe plants, as measured by the height or 
other quantitative characters. Tliey also point lo the great probal)ilily 
of the exislence of a genetic variation in self-fertility, independenl of 
general fertility and vigour. Finally, as far as the effecl of inbreeding 
upon self-fertility is concerned. the material investigated has presented 
no general decrease in self-fertility as the result of inbreeding. In- 
breeding brings about a differentiation, in general vigour as in general 
fertility, and also with respecl to tlie special faetors for self-sterility. 
Several plants must, therefore, oceur with verv greatly impaired self- 
fertility, hut at the same lime highly self-fertile individuals are obtained 
even afler several generations of inbreeding. 

2. INBREEDING EFFECTS. 

lirief review of the theories of inbreeding, — It is an old common- 
place in biology that hybridization brings about inereased vigour, > hy- 
brid \igourv>, and that »deleterious effeets» of inbreeding are often en- 
eountered. It was very diffieull, however, to give a satisfaetory expla- 
nation of these phenomena, and indeed no such explanalions were 
jiossihJe unlil orderly experiments worc carried out and our knowledge 
of heredily had been deepened l)y the rediseovery of the Mendelian 
laws. A review of all modern literalure upon the subject would require 
a lK>ok, therefore only the most importanl points shall be meiitioned, 
and for details the reader is referred to the comprehensive papers by 
East and Hayes (1912), Jones (1918), East and Jones (1919), Feder- 
LKY (1928) and SiRKS (1929). Among pre-mendelian studies those of 
Kölreutkr (1766) are of interest, since they represent the first instance 
of systematic studies of arlificial hybrids, and since they offer several 
slriking inslances of liybrid vigour. The most importanl studies during 
this period are the exlensivc investigations of Darwin (1876), who made 
several observations which have later been repeated and given their 
Mendelian explanation. Darwin found that the deleterious effeets of 
inbreeding did not conlinue in more closely inbred plants, biit that 
they were less considerable in the 7th, 8th and 9th generations than in 
ihe 1st, 2nd and 3rd. In later generations great uniformily in oolour 
was obtained. It made no difference, whether the individuals in an 
inbred lot were selfed or intercrossed, which Darwin explains by the 
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assumption that these individuals were »germinally alike». Crossing a 
ciosely inbred strain with a less inbred one did not give so great an 
inerease in vigour, as if a »fresh stocka was used. Darwin was also 
the first to give an explanation of hybrid vigour, and he did not ascribe 
the effect to the Crossing as such but to the combination of diverse 
sexual elements. Also in autogamous species hybrid vigour was obtai- 
ned by Crossing entirely different strains. Mendel (1865) also observed 
hybrid vigour in his pea crosses, ... »a fact which is possibly only 
attributable to the greater luxuriance which appears in all parts of 
plants when stems of very different lengths are crossed» (quoted from 
Jones 1918). 

In the present century hybrid vigour and inbreeding degeneration 
ha ve been ciosely studied from the view-points given by Mendel^s laws, 
Johannsen’s genolype-conception, Nilsson-Ehle’s multiple factors and 
the explanation of linkage given by Morgan and his co-workers. In- 
tensive studies on a large scale have been carried out in several alloga- 
mous species, in order to explain the effects of inbreeding and the 
occurrence of hybrid vigour. Especially, the investigations in maize 
by the American scientists East and Hayes (1912), Shull (1910) and 
Jones (1917, 1918, 1924) have thrown light on what happens during 
inbreeding for several successive generations. These results were made 
the foundation of the theory of »heterosis» (Shull 1911, Kast and 
IIayes 1912), which explains the decrease in vigour after inbreeding 
as the immediate result of the inerease in homozygosity that must 
follow. The »heterosis» theory assumed that heterozygosity as such 
has a stimulating effect upon cell-divisions and growth and thereby 
upon general vigour. The theory could not, however, explain all obser- 
ved phenomena, e. g. the varying effect of inbreeding or the fact that 
Crossing somelimes does not bring about an inerease in vigour but the 
opposite. Shull had already observed this, and States that sometimes 
helerosis may be without effect, or even have an unfavourable one. 
Further examples of cross-depression have been given from autogamous 
species <Rosenqulst 1931) and recently by Nilsson-Leissner (1933) 
and the present investigation (e. g. Tables 57 and 58). 

The Mendelian explanation of hybrid vigour, generally called the 
»dominance-theory>; was first founded on results gained in autogamous 
plants. Keeble and Pellew (1910) found luxuriance in Fi of a cross 
between different varieties of peas, and ascribed it to domina nce of 
different factors, brought together by the cross. Bruce (1910) also 
suggested that dominance might cause hybrid vigour, since most factors 
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are dominanl, and Ihe heterozygosity is highest in cross-products. Jo- 
nes (1917, 1918) furlher developed Ihe dominance-theory, and especi- 
ally tried lo explain the symmeirical distribution in and the diffi- 
cully to obtain the parenlal types in this generation by the assuinption 
of a linkage between a great number of growth-faetors. East and 
Hayes (1912) objeeted lo the dominance theory, pointing out that 
according lo this theory inbreeding effect does not always occur, and 
that vigorous types siiould he oblained in addition lo the degeneraled 
ones. Emerson and East (1913) studied quantitalive characters, and 
mentioned symmeirical distributions in Fn whereas dominance shoiild 
liave hrought aboul negative skewness. Collins (1921) made the 
remark that, if a great number of faclors are at work, the sk(‘wness 
will be very little apparent, uniess a very great number of individuals 
is grown. He also demonstrates whal small chances there are of ob- 
taining individuals with full vigour, if many factors segregate, and 
he considers it imnecessary to involve linkage in the explanation of the 
inbreeding effect. 

In the course of years the dominance Iheory has be(*n more gener- 
ally accepled, hy East (East and Jones 1919) and IIayks (1926), and 
seems at present to have very few opponents. Even in aniinal genelics 
the dominance Iheory has heen used, for instance, by King (1918 a 
and h), Wright (1922 a and b), and Livksay (1930). Hybrid vigour. 
obtained afler Crossing of autogamoiis plants has in several instances 
l)et»n possiI)le of explanation by the dominance theory, e. g. in bean 
(Malinowski 1928), oals (Coifman and Wiebe 1930), Galvopsis in 
species crosses (MOntzing 1930), wheat (Rosenquist 1931). The oid 
opinion that cross-pollinalion, in conlradistinction lo self-pollination. 
stimulates the growlh of the plants has been definitely disproved ])y 
experiments with pure lines (Nilsson-Ehle 1927). 

Partial and general inbreeding depression, — In the discussion on 
different inbreeding-theories, two kinds of depression after inbreeding 
have been distinguished, vi/. 1) parlial depression, i. e. tlie occurrence of 
abnormal and inviable individuals, and 2) general depression, i. e. a ge- 
neral decrease in vigour, not directly referable lo any special character, 
apj)earing in the inbred progeny as compared with the outbred. The 
partial depression was explained early on Mendelian basis as the result 
of a segregation in lelhal or sul>-Iethal factors, and severäl examples of 
such segregations have been given, some of them monofactorial, others 
more complicated (see Nilsson-Ehle 1926, 1927). Among animals, 
abnormal individuals such as albinos, dwarfs etc. are ralher conimon 
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(see Wriedt 1925). In plants the mosl common lypes of degenerate 
recessives are the chlorophyll-deficient types, but also dwarfs and other 
abnormalities of different kinds occur. Several new cases of such ab- 
normalities oi different kinds ha ve been encountered in the course of 
the present iin estigation. 

The general depression was more difficult to explain on Mendelian 
basis, but sinee the laws of quantitutive inheritance became knowii 
even Ihis kind of depression was more easily understood. The fact 
that the development in each character depends on a large numl>er of 
factors makes the genetical basis of these characters difficult to ana- 
lyse, and the difficutties are further increased by the existence of »mo- 
difiers» that conceal the effect of eventual main factors. (See discus- 
sion by Tedin 1925). The analysis becomes still more complicated if 
the cumulative effect of each factor is not specific but depends lo a 
high degree on the constitution of the plant, as regards other factors 
hav ing a similar effect, a point thoroughly diseussed by Rasmusson 
(1933) in his presentation of the »interaetion-hypothesis». 

The general inbreeding depression manifests itself by decreased 
vigour, and »\igour» must be considered to be still more complicated 
than single characters, such as height, and, therefore, still more im- 
possible to analyse genetically. Studies of the inbreeding effect must 
be confined to studies of single characters of a more or less complicated 
nature. Such investigations of single characters ha ve been carried out, 
among others, by Jones (1918, 1924) in maize and by Wright (1922 
a and b) on guinea pigs. Those investigations of separate characters 
have shown that there is no fundamental difference between partial 
depression and general depression. The »general» depression is not 
reallv general, but manifests itself now in one character now in another 
or several others (Wright 1922, Heribert Nilsson 192(>), which may 
be explained bv the different genolypical constitutions of inbred mother 
indiv iduals. The only difference existing between »partial» and »ge- 
neral» depression is the degree of complicate inheritance of the charac- 
ters involved. 

The determination of inbreeding effect, — Theoretically, the effect 
ot inbreeding must be considered to be the difference between the 
selfed individual and its inbred progeny. Owing to sundry technical 
difficulties it is not always possible, however, to obtain the direct com- 
parison between mother individual and progeny. The greatest diffi- 
culties are met with in dioecious plants and non-hermaphroditic ani- 
nials, where selting is impossible. Sinee none of the grasses studied 
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here are dioecious, such organisms are lell oul of llie discussion, which 
is eonfined to hermaphroditic plants. 

In unnual plants it is imiiossible io coinpare molher plant and 
progeny. In siieh cases the inhred progeny is coinpared with cross- 
bred progeny or witb the average of the population, i. v. Iht* comparison 
is made between inbred and outbred progcnies. The same method has 
also often been einjiloyed in perennial grasses, and the inbred progeny 
has been coinpared with cross-bred progeny of the same mother plant, 
either obtained bv arlificial pollination with a known inale (JENKIN 
1926) or by free pollination with unknown pollen-deliv(Ters (WiTTE 
1919 a, Kirk 1927, Torsskll 19.30, Valle 19.31 a and b, Nilsson- 
Lkissner 19.3.3). In the invesligations presented here the latter method 
has been applied in tia* inajorily of the cases, biit in some instances 
the inbred progeny has been coinpared with a clone of the mother in- 
dividual. 

Assuniing that no self fertilization takes place, the comparison be- 
tween inbred progeny and progeny after open pollination might be 
assumed lo give the correct value for the difference between the inbred 
generation and a generation wilhout inbreeding (/o). This is nol true, 
howevor, irrespeclive of lh(* fact that self-ferlilization always occurs in 
\arviiig degrees, according to the results obtained in this investigalion. 
The progeny after open pollination (A') is U) a very great extent depen- 
dent on the conslitiilion of the funclionating inale plants. Since most 
of the ferlilizing ])ollen must be supposed to be derived from neigh- 
bouriiig [)lants, chance occurrences or planting lechnique may have a 
very great influence upon the conslitution of the K family, and thu-* 
upon the measurement obtained of the effect of inbreeding. If the 
plants surrounding the inothcT individual represent minus variations 
as coinpared with the latter, the K family may be considerably lower 
than the mother individual, and thus the comparison l>etween inbred 
material (/) and K may coinjiletely conceal any exisling inbreeding 
eflVcls. A striking case in Fcstuc(t ruhrri has been reported by Nils- 
son-Leissner (198.3), who poinls out that even if the K progeny may 
be considered as free from inbreeding, it does not always give valiies 
suitable for a comparison with the I progeny so as to determiiie the 
effect of inbreeding. Another similar case may be added from the pre- 
sent material (page 99), where the K progeny of an jilant was signi- 
ficantly lower than the mother plant, represented by clone-plantlets. 

On the other hand, in many cases the open pollinated progeny, 
the K progeny, may show a luxiiriation as compared with the mother 
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individual. Such a luxuriation in K becomes more probable, and also 
in the present material more common, the more closely inbred the 
mother plants are. Luxuriation may occur, however, even in K pro- 
genies of 7o plants. In this investigation luxuriation after free polli- 
nation was observed in the progeny after some low plants of liassion 
timothy, belonging to the nodosum-type (Table 57) but thcy were 
surrounded by tall plants in the same population. This instance offers 
a striking parallel to the results of Nilsson-Leissnek (1. c.), although 
the influence of the male plant is the opposite in this case. 

That the luxuriation in K i)r%'enies becomes more marked witb 
increased inbreeding of the mother plants is strongly suggested by the 
material, where both K and I could be compared with the mother clone 
(Tables on page 114). The material is too small to supply a definite proof, 
but one fact is certain, however, viz., that the difference between K and 
I progenies in this material is, on an average, greater than the difference 
between mother clone and I progeny. This proves that comparisons 
between I and K will cause an over-estimation of the effeet of inbreed- 
ing, an over-estimation which will probably incrcase with increased 
inbreeding of the mother plant and which may, in extreme cases, lead 
to the result that the »inbreeding effeet» inereuses al the inbreeding 
is continued. 

If the plants of an inbred family are planted in hlocks or in rows, 
so that each plant is surrounded by other nearly related plants, the 
luxuriation in K may be expeeted to be less pronounced. In this case K 
is also a produet of inbreeding, even if not so close as selfing, and the 
comparison between / and K is not a comparison between 1^ and hut 
between two families with different degrees of inbreeding, which degret» 
cannot be accurately determined at least ft)r one of the families. 

Only if the selecied mother plants represent about the average of 
the popiilation and are surrounded by uniformly »average» plants 
within a not too heterogenous /„ population, the K progeny may be con- 
sidered as a fair representative of the mother individual. In all other 
instances the comparison between I and K may lead lo gross mis-inter- 
pretations of the results, especially if the difference is taken us a 
measure of the effeet of inbreeding from one I generation to the 
following. 

In view of the given analysis of the measures of inbreeding effeet, 
which analysis is founded on current theories and on experimental data, 
we are justified in expressing very strong doubts concerning the conclu- 
sions drawn by Valle (1931 b). Basing his statements on comparisons 
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bctween / and K progenies in dilTerent inbred generations he maiiilains 
that in timothy the effeci of inbreeding increases in eonseeutiv(‘ genera- 
tions and that, therefore, on this species Ihere cannol be a minimum 
value, at which inbreeding has no further effect. 

In pereiinial planis it is possible lo obtain an accurule measuremeni 
of the degree of inl)reeding hy n comparison belween Ihe in])red progeny 
and a clone of the molher plant. Even in this melhod, however, con- 
siderable diffieuities are eneountered. Ciitting and Iransplanting are 
severe checks in the normal developmenl of the plant and may ha ve 
considerable effecls, and, further, the individuals to be compared are 
not of the same age, a facl that may infhience the modificability of the 
planis. In order to avoid Ihese diffieuities it niight seem adMsable to 
let Ihc progeny individuals reach the age of two years, and then to 
make clones of mollier individuals and progeny simiiltaneously. This 
method again offers technical diffieuities and introduces a new source 
of error. Hefore the seedling progenies can be divided for clonal propa- 
gation they must have reached one or two years of age. During this 
time a number of the weaker plants will have suceumbed, and the com- 
parison belween mother clone and progeny will again not present a 
Irue pieture of what has really laken place. A compromising melhod 
has been employed in some cases in this investigation, in that the mo- 
ther individuals have l)een dividtnl, and cutlings of t hem, of aboiit the 
same size as the stunllings, transplanled simultaneously with the trans- 
plantation of the latler into the experimenlal field. 

In spite of the limiled j)ossibilities for drawing conclusions from 
coinparisons belwecm / and K progenies, such comparisons have a cer- 
tain inlerest. This is especially the case, when the mt)ther plants are 
slrongly inbred and surrounded by planis from the same nearly homo- 
zygous family. In this case a comparison may ))e made lielween selfing 
and open pollinalion, with pollen (>f approximalely the same genotypie 
conslitution in both cases, and it might be possible lo demonslrate any 
d(4riniental effeci of selfing. No such influence could be denionstraled 
in this investigation, on the olher hand, it was possible to show that 
in itself neither the isolation nor the selfing constitules the main cause 
for the frequently observed decrease in vigour in inbred material. In 
some cases the K progeny was significantly lower than the I progeny 
and this shows, at any rate, that the faetorial conslitution of the pro- 
geny, dependent on the mother plant, and in K progenies also on the 
male plants, is much more important than the modifying influence of the 
isolaling bags, or the eventual effect of the enforced inbreeding as such. 
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Designation of and — The literature on inbreeding deals very 
little with the problem as to when a material may be correctly denoted 
as /o. The theoretical h population ought to copsist of iudividuals, 
heterozygous in all segregating factors present, and inbred generations 
after such individuals should be denoted as Ji, h etc. Even in obligale 
allogamous species, however, such Iq individuals are very rare, and we 
cannot expect the selected individuals to be totally heterozygous, they 
are all more or less homozygous, and therefore, from a theoretical point 
of view, they may be considered to represent differenl inbred genera- 
tions withiii one and the same population. The differenl constitution 
of differenl plants leads to differenl results when they are isolated, and 
the degree of inbreeding effect as well as the characters in which it be- 
comes apparent, are d^pendent on the genelical constitution of the mo- 
ther plant. For this reason the number of heterozygous factors in this 
plant is of imporlance, and so is their qualitative and quantilative in- 
fluence in the phenotypical development. The genetical constitution 
of the initial plant also determines the inbreeding minimum of the 
progeny. This inbreeding minimum may be differenl in differenl lines 
of descendants, but the minimum and maximum values for the final 
homozygous populalions are given by the constitution of the initial 
plants. 

The facts just stated may be considered as rather commonplace 
from the point of view of current theories of inbreeding. Tliey are 
somelimes forgotten, however, and false conclusions accordingly drawn. 
The grcat variability in the results of inbreeding, ex pected according to tlu* 
dominance theory, especially as unfolded first by JoNES (1917) and then 
by Rasmusson ( 1933), should urge the greatest care in generalizing results 
obtained from invesligations made on a limited material. In this con- 
nection it may only be added that not only in populations of cultivated 
plants are differenl degrees of homozygosity to be expeeted, but the 
same holds true also for wild plants. Wild species are divided into 
numerous more or less isolated populations, each with a rather limited 
range of variation, the limitation being caused either hy chance in the 
migration of plants or by natural selection, as shown especially by 
Turesson (1922 and other papers). 

Every existing plant population, except perhaps some Fi genera- 
tions of artificial hybrids, may be considered to have been the subjecl 
of some inbreeding, hy nature or by man, consciously or unconsciously. 
And the degree of previous inbreeding is in most cases unknown, and 
may be asceiiained only by exceedingly extensive invesligations. It 
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may therefore oasily (ktuf that an popnlation, wiUJ or in cullure, 
is more homozygaus, and lims more inbred, Ihan an h or population 
derived by artificial inbreeding of individuals from, in this respect, un- 
known initiui populalions. Under sueh eondilions it is fulile to 
distinguLsh sharply belweeii inalerial, previously inbred and Iq material, 
unless Ibe differenl groiips of material can be put in direcl relation to 
one and tlio same initial plant or isogenic population, used as the orUjo 
in determining the degree of inbreeding. 

From the above it is clear that when some of the initial popula- 
lions in this inve.stigation are denoled as /o, others as /j, this is taken 
only to be a verv approximate charaeterization of their degree of in- 
breeding, denoling the generations of controUed inbreeding in the 
pedigree of the populations. 

Inbreeding effeet or isolation effeci. - - In judging the effeet of in- 
breeding the evenlual modil icatory effeet of tlie isolating bags must 
always be taken into account. The abnormal eonditions within the 
isolating bags may result in a jioor development of the seed, and this 
again may eause a poor development of the seedlings, whereby the 
plants are set back during the whole of their life-time. On differenl 
oceasions in the jirevious diseussion it was pointed out (pages 128 and 
130), that the resulls obtained in this investigation cannot be explained 
only by assuming a detrimental influence of the abnormal einirommMil 
within the bags. A few m(»re points concerning this question will ]>e 
diseussed, however. 

In rye (IIeribkrt Nilsson 1910, 1921) as well as in timothy 
(Valle 1931 b) il has been shown that the weight of 1000 see‘ds as well 
as their germinating eapacity are lower in isolaled than in ojienly 
pollinated flowers. This does not seem, however, to be the case in all 
instances. Valle writes that >. . . in zahlreichen Fallen, wo der 
Samenansatz nach Selbstung sehr gering war, dtT in Isolierung (‘ul- 
wickelte Samen grösser wurde als bei denselben Pflanzen nach freiem 
Abbliihcn>', Two opposite kinds of modifications may influence th(* 
seed development within isolating bags. The abnormal eonditions 
within the bags are likely to weaken the seed, bul on the other hand, 
the amount of nourishment, available for each seed. is very high in 
plants with low stdf-fertility, and this may counteraet the unfavourable. 
influence of the enclosure. 

l'he influence of poor development of the seed upon the fiirlher 
growth of the [)lants is not .sufficiently known. In annual plants il is 
a well-known faet that poorly developed seeds also give pot)r seedlings 
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and plants with a low productive capacity. In perennial plants, how- 
ever, it may be supposed that differences in the seedling stage, caused 
by differences in the seed development, will gradually disappear as the 
plants grow older, and according to the author’s experience it is very 
doubtful whether 2 — 3 ycar old plants show any influence of the seed- 
qualily. At least this influence cannot possibly cause the great dif- 
ferences observed in this material. 

The unfavourable effect of the enclosure might also cause a low 
percentage of gerniination in Ihe isolated seed. The only comparison 
available in this material shows, however, an insignificantly higher 
percentage of gerrnination after isolation than after free flowering. 
This does not indicate thal any great influence is to be ascribed to the 
enclosure, and as will be shown in the following section, the influence 
of inbreeding iipon Ihe gorminating power of the seed is most probably 
caused by segregation in lethal factors. 

Effect of inbreeding on gerrnination and winter Imrdiness, — From 
the results in Loliiim perenne, L. multiflorum and Phleum pratense 
it is evident that the gcnotypical constitution of the mother plant is of 
grinat importance for the gerrnination of the seed. 

As stated above, isolated seed germinated betler than non-isolated 
in comparisons made in timothy. There is a marked correlation bet- 
ween the gerrnination of isolated and non-isolated seed from the same 
plant. This correlation might be caused by parallel modifications, but 
it is more probably due to genelical factors. This is also indicated by 
the fact, that in lamilies with low gerrnination there also occur 
numerous abnormal seedlings and other kinds of sub-lethal abnor- 
malities. luherited »line differences in the gerrnination energy of the 
seeds > in Galeopsis have been found by MtiNTZiNG (1930). The dif- 
ferences in percentage of gerrnination between diffcrent families, 
observed in tlie present investigations, seem to be due to lethal factors, 
aclive in the embryonic stage. 

As regards winter liardiness in timothy a marked effect of inbreed- 
ing could be demonstrated. Inbred families have on an average a 
higher mortality than the corresponding K families, and there are 
greater differences between I families than between K families. The 
families, witli a high ra te of mortality also show several plants with 
more or less deficient chlorophyll development or with other abnor- 
malities. Further, the rate of mortality is highest in those families 
which show the wadest variation in morphological charaeters. It is, 
therefore, probable that the low degree of winter hardiness in some 



STUDIES IN FERTILITY AND INBREEDING 


145 


cases is not due lo the inbreeding as such, but depends on Ihe segr(*ga- 
tion of individuaLs, homozygous in sub-lethal factors. 

Inbreeding effects in height and some other characters. — In all 
Ihe material great differences belween progenies after different mother 
plants are apparent, and Ihis differentiation is very marked in isolated 
progenies as well as those after open pollinalion. In some cases the 
differentiation is greater after isolation, in otiiers no such differences 
could be demonstrated. Thus, the genotypical conslitution of the 
mother plant is of very great importance for the progeny, quile in- 
depcndently of Ihe male plants. This influence of the mother plant 
might be due to a certain degree of spontaneous selfing, but the 
generally low degree of selfing on isolation does not indicate that this 
factor is of any great importance. Pollination inainly by neighbouring 
plants in the same family might also explain the differentiation bet- 
ween different K progenies. That such sib-pollination is rather com- 
mon is indicated by the frequent occurrence of lethal individuals in the 
progeny atter open flowering, a frequency that increases with increased 
inbreeding. On the otlier hand, the individuals within the family are 
generally very different as regards morphological characters, and, 
therefore, sib-pollination caiinot explain the differentiation between K 
progenies. 

As regards the heiglit, it may l>e said that it is on an average, and 
even in most individual cases, lower in / tamilies than in K families. 
'Fhis rule is not without exceptions, however. In many cases the dif- 
ferences between / and K are insignificant. In three cases the I progeny 
is significantly taller than the K progeny. In these cases the geno- 
typical height of the mother plants, transmitted to their inbred progeny, 
must liave been greater than that of surrounding plants. In one strain 
of cocksfoot there is no average difference between and correspond- 
ing K families. In this case the mother-plants selected seem to be 
fairly homozygous as regards height, and thiis ha ve already reached 
their inbreeding minimum. 

When K families and inbred mother clones are compared, the 
former are usually the higher, but in several cases the differences are 
small and insignificant and in two cases K is significantly lower than 
the mother clone. In some cases, then, free pollination has not resulted 
in any luxuriation, in exceplional cases it may even have the opposite 
result — facts which have already been discussed. 

When inbred progenies are compared with the mother clone the 
former is in no case significantly higher, in many instances it is signi- 

HcrtdUat XIX, 10 



146 


FREDRIK NILSSON 


ficantly lower. Only 1 out of 5 U progenies, however, is significantly 
lower than the mother; here the inbreeding minimum seems to be 
nearly attained. 

It is interesting to note thal there are smaller differences between 
the different / progenies or between the different K progenies than 
between the mother clones. Here, evidently, the open pollination has 
caused the most pronounced luxuriation in the lowest mother plants, 
thus bringing about a certain equalization. Similarly, the effeet of in- 
breeding has been greatest in the tallest mother plants, resulting also in 
an equali/ation. The results are the same after U and h plants from 
strain 121, The material is too small to justify any exaggerated gene- 
ralizations, but it indicates that the most heterozygous plants were to 
be found among the tallest ones. The results aetualize one problem, 
someiimes overlooked in inbreeding work, viz. the effeet of selection 
upon the results of contiiiued inbreeding. According to current theories 
the tallest plants should also in general be the most heterozygous ones. 
Contiiiued selection of extremely tall individuals is therefore liable to 
delay the inerease in homozygosity and to rcsult in a repetition, on the 
whole, of the same inbreeding results in generation after generation. 

On the other hand, according to the dominance theory, homo- 
zygous individuals are also to be expeeted among the tallest ones, and 
inbred progenies of these individuals should not exhibit any inbreeding 
degeneration. A oontinued selection of the tallest individuals ought 
to bring out such homozygous tall ones, which is corroborated, among 
others, by the results of King (1918 a and b), who by constant selec- 
tion of the most vigorous individuals through many generations was 
able to breed strains without any degeneration. These strains have 
most probably been homozygous dominants, and their occurrence 
offers a striking illustration of the importance of selection in inbreeding 
Work. In many cases, where the initial population is highly hetero- 
zygous, several generations will probably be needed, before the ex- 
peeted homozygous dominants are obtained. It is obvious, however, 
that the homozygosity inereases only in the progeny of inbred plants, 
a faet which Valle seems to have overlooked, when he States (Valle 
1931 b) : »Die Variationskoeffizienten zeigen also, dass die Variation der 
/i-Generation im Selbstungsmaterial grösser ist als in dem nach freiem 
Abbluhen erhaltenen Material. Es scheint also, als hätte die in einer 
Generation durchgefiihrte Selbstung nicht die Homozygotie in bezug 
auf die vorliegende Ertragseigenschaft vermehrt». 

Great and significant differences between the inbreeding effeets in 



STUDIES IN FERTILITY AND INBREEDING 


147 


differcnt planis were ascertained. According to the doininance thcory, 
the plants showing the greatesi inbreeding effect should be the iiiost 
heterozygous ones. If this were true, there should be a positive correla- 
tion between the effect of inbreeding and the variability in the in])red 
material. The correlations determined are, however, of a differenl 
nature, and must therefore be trealed soniewhat in detail. 

In meadow fescue tlie correlation is positive, as expected, in coeks- 
foot the correlation is positive for the maferial inbred from h to /,, 
but negative when the isolated mother plants belong to /i. In timothy, 
positive and negative correlations are obtained, but none of theni is 
significant and it has not been possible to get any definite results in 
this species. In the calculations of these correlations, the effect of in- 
breeding has been measured by the difference between K and 7, and 
this may explain the varying results. When /» plants are opeiily 
pollinated by their neighbours in the same populalion, the prog(‘ny 
may be approximalely representative of the mother plant. Thus, an 
approximately correct estimate of the effect of inbreeding is obtained, 
and the correlation between this ettect and the variability in Ii is positive, 
as was to be expected. When the mother plants are /i there is already 
a considerable differentiation between them, and open pollination will 
result in some luxuriation in the progeny. This liixurialion will be 
most marked afler the most homozygous, i. c. the lowest plants, and 
the apparent eflect of inbreeding (A — /) will be negatively correlated 
with variability in tlie inbred progeny. This explanation fits in with 
the result in cocksfoot, and most probably accounts also for the 
varying results in timothy. Ilere the varying degrees of inbreeding in 
different strains and also the mode of planting tlie material in tlu" 
field, make it more difticult to compare the correlations with the in- 
breeding generation and with the errors in the estimate of inbreeding 
effect. The true inbreeding effect, determined by the aid of mother 
clones, is ascertained in altogether too few cases to make any determina- 
tions of significant correlations possible. 

The fact that the various inbreeding phenomena, observed in 
height, are due to segregation is further proved by the great differentia- 
tion in this character. Since no intra-plant variation in height can be 
determined it is somewhat more difficult to prove genetical differentia- 
tion in height than in fertility. Thg fact that the / families are more 
variable than the K families is most probably due to segregation. It 
might be due to greater modifieability in /, however, caused by specific 
effeets of the inbreeding, and, therefore, offers no definite proof. It is 
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of interesi to note that in the strain of cocksfoot, in which no inbreeding 
effect could be ascertained, no difference in variability between I and 
K could be found either. 

When clones of the mother plants are available it is possible to 
estimate the importance of environmental modifications, and when the 
variability between plants in the progenies is decidedly greater than that 
between the plantlets in the mother clone, this may be taken as a proof 
of geiietical differentiation between the plants. The genetical dif- 
ferentiation between plants in the same family could be demonstrated 
still further in one h family of timothy, in which all plants were 
vegetatively propagated, and measurements were made in two different 
years. The variation was decidedly greater between the clones than with- 
in the clones. The correlation between the heights in the two years has 
been determined, and then the non-correlated variability in both years. 
This uncorrelated variability is about the same in both years, and is 
significantly greater than the variability between plantlets in the clones. 

The plants were divided and moved after the first measurement 
was made. The correlation found cannot therefore, as has been 
discussed previously (page 124), depend upon parallel modifications, but 
gives a minimum estimate of genetical differentiation between the 
plants. The fact that the uncorrelated variability is greater than that 
within the clones may have two explanations. The mode of reaction 
ol the plants may have been different in the two years, and such dif- 
ferenccs may partly be due to the effect of division and transplantation. 
On the other hand, the environmental differences may be greater bet- 
ween tiie dilterent clones than between plantlets within the clones. As 
each clone was planted in a short row, those rows being arranged after 
one another in the field, the latter explanation seems very probable, 
and at any rate the material cannot be utilized to prove any different 
reactions in different years. 

The inbreeding effect in different generations, — The dominance 
theory as generally accepted presumes that the effect of inbreeding 
slioiild be greatest in tlie tirst generation, and then gradually diminish 
in geometrical progression. As has been poinled out by Rasmusson 
(1983), this need not necessarily be the rule, but the ^inbreeding curve^> 
may be deiiendenl on the number of factors and the »coefficient of 
interaction». Many tactors and a low coefficient of interaction tend to 
delay the phenotypic etfect of inbreeding until rather late generations. 
On the other hand, the absolute effect of inbreeding in different gene- 
rations depends on the constitution of the initial plant. As the different 
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generations of inbreeding in tlie present investigation are not derived 
directly from one another, but represent different initial populations or 
different seleclions within the same population, nothing can be said 
about the course of inbreeding in successive generations. The only 
observation bearing upon this ])roblem is the verv scanty effect of in- 
breeding from h to /4 in strain 121, which may iiidicale that in this 
material at Icast, the inbreeding minimum is rather easily obtained. 

Skewness in inhred materiaL — Emerson and Kast (1913) used the 
symmetrical distribution in inbred material as an argument against 
the dominance theory. Fisher et al. (1932) have shown, however, tliat 
some of the dRtributions of EmeRwSON and East are, in reality, sonie- 
what skew. (k)LLiNS (1921) lias also pointed out that with many 
segregating cumulative faetors the skewness may be inappreciable, and 
Rasmusson (1933) has further studied the influence of the number of 
faetors and the size of the »coefficient of interaetionv upon the skewness. 
In the present investigation the skewness inereased very markedly 
with inereased inl)reeding. U material did not show any skewness in 
the progeny, either after isolation or after open pollination. The /i 
and /y material studied is not direetly eomparable to the /o, sinee they 
are derived from different strains. The two later inbred generations 
are, however, from the same strain, and the faet that skewness in the 
progeny, inbred and cross-bred, inereases from /, inother plants to 
mother plants is therefore of great significance, and also strengthens 
the value of the difference between and the others. Since the con- 
tinued inbreeding is assumed to decrease the number of heterozygotic 
faetors, the results are in compiete agreement with the theories and 
with the assumptions of (Xillins and Rasmusson. The same is true 
of the faet that the differences between different families as regards 
skewness inerease wdth inbreeding, since the differences in heterozy- 
gosity are expeeted to be relatively more important in inbred material. 
The skewness in the K progenies is again an example of the influence 
of the constitution of the mother, but may also be due to pollination 
by nearly related neighbours, resulting in a high degree of homo- 
zygosity even in cross-bred progeny. The K progenies are not so skew 
as the inbred ones, however, and the difference inereases with in- 
breeding, which is again in full agreement with the theories. 

Correlations between different charaeters in inbred materiaL — 
In the II family of timothy already mentioned, where all plants were 
clonally propagated, exaet measurements were taken of several cha- 
raeters besides the height, and the correlations between the different 
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characters were determined. Panicle length, tiilering and fertility were 
all positively correlated with the height, but there were also indications 
that at least some of these characters varied, too, independently of the 
height. If the common correlation with the height was eliminated, 
there was no partial correlation betwecn panicle length and tiilering, 
nor between panicle length and fertility. If linkage had been the cause 
of the correlation, it is difficult to understand why the other characters 
should not also show independent partial correlation. Most probably, 
therefore, the correlated variation is to be considered as a variation in 
general vitality. Weak planis are poorly developed in all respects, even 
if the different characters studied are not generally correlated. The 
verv wide variation observed in this family is, therefore, probably not 
due to segregation in factors influencing mainly separate characters 
but in factors with a deep-going effect on the whole development of 
the individual. Possible factors with more specific influences are 
suppressed by the vitality factors and cannot exercise any influence 
of importance. 

Similar correlations have been determined in / and K progenies of 
two Is plants of tiinolhy. Panicle length and tiilering are positively 
correlated with the height in inbred as well as in cross-bred progenies. 
The existence of an independent variation in panicle length is strongly 
siiggested but cannot be proved. In one of the groups panicle length 
and tiilering are more strongly correlated in the I family than in the 
K family, which is in agreement with the theory, if we siippose thi* 
correlation to be due to variation in general vigour, and the I family 
to be more homozygous as regards the factors determining this vigour. 
1'urther, panicle length and tiilering are significantly more strongly 
correlated in one pair of I and K than in the other, indicating different 
constitution as regards general vitality factors in the different mother 
plants. Il should finally be menlioned that the partial correlations 
between panicle length and tiilering are widely different in the different 
groups. In one group the partial correlations are negative, significant 
in 7. in the other group they are positive and significant in K. These 
differences must also be ascribed to differences between the mother 
plants. 

Inbreeding depression in separate characters and in general vigour. 
— It has already (page 138) been mentioned that there Is no funda> 
mental difference between partial and general inbreeding depression, 
both being due to segregation of Mendelian factors. The correlations 
just discussed show, however, that some of these factors have a rather 
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»general» effect upon Hie development of the plants. Besides Ihe 
correlations just mentioned therc is, in tlie entire material, a significant 
positive correlation between lieight and panicle length and between 
height and general fertility. Thesc correlations show that, in many 
cases, the effects of inbreeding manifest themselves parallelly in 
several characters. This is, however, by no means the general rule in 
the present material. This is proved already by the faet that in some 
cases where a correlation oceurs an independent variation in the dif- 
ferent characters is discernible. Further, in a great many cases wide 
variations in different characters were noted, but no deerease in general 
vigour could be observed. A striking example is offered by strain MA 
(I 2 from Kämpe) which is significantly lower than the initial popula- 
tion, but y ields more green matter (see page 94). Family 4933 from 
Kämpe offers an example ot the opposite kind. In this family there 
is a strong segregation iii general vigour and ihe different characters 
measured show very marked correlations. 

If the correlations were due to linkage between faetors with 
separate effects they ought most probably to be of about the same 
strength between all characters. The <ieterminalions of partial correla- 
tions in family 4933 have shown, however, that all the characters are 
correlated with height, but that if this common correlation is eliminated, 
the other characters vary quite independently, a faet that speaks 
strongly against the assumption of liiikage. In these cases, the height 
must be considered as a good measure of the general vigour, and the 
correlations are most probably of a physiological nature, caused hy 
geiietic faetors with a strong influencc upon several characters. Such 
faetors with a wide pleiotropic effect form a link between the more 
specific faetors and the sub-lcthals and lethals, and together with the 
latter they may be denoted as ' vitality-factors». By »vitality-factors» 
are, thus, nieant such faetors as have a fundamental influence upon the 
development of the plant, and recessive homozygosity in such faetors 
causes a depression in general vitality, sub-lethality or even lethality. 

We are, thus, able to distinguish between genes with different 
effects, qualitatively as well as quantitatively, and the different degrees 
of inbreeding effect, observed after different mother plants, are due, 
not only to different degrees of heterozygosity of the mother plant, 
but also to the naiure of the heterozygous faetors. If these have only 
a more special effect on separate characters no general depression in 
vigour is observed, but the inbreeding simply brings about a dif- 
ferentiation as regards these characters. If the selfed individuals are 
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heterozygous as rogards »vitality-factors» the resuHs of inbreeding 
show themselves in a differentiatioii in general vigour. This differentia- 
tion may result in dead seeds, chlorophyll-deficient seedlings, dwarfs 
and other lethal or sub-lethal individuals, but may also express itself 
in the occurrence of viable but less vigorous piants, there being a con- 
tinuous series of variation from total lethality up to normality. Several 
cases of strong inbreeding eifect seem to be explainable by the assump- 
tion of vitality factors with great phenotypical effect. In cases where 
only a weak general depression could be observed the vitality factors 
have had less importa nce, and when no such general depression was 
at hand, all vitality factors of any importance must have been homo- 
zygous in the mother individual. The most complicated segregation is 
obtained in the inbred progeny ot individuals, heterozygous in many 
factors of different nature and importance. The ditferences between 
different kinds ol inbreeding effect are, however, in no cases of a funda- 
mental nature but must be considered as different gradations ot one 
and the same phenomenon. 

It has been maintained above that most, or at any rate an im- 
portant part of the correlations observed, must be due to the pleiotropic 
effects of »vitality-factors». It is rather probable, however, that in 
some cases linkage may occur as a cause of correlations. This ex- 
planation seems to be the only possible one, when the partial correla- 
tion between panicle length and tillering in one family is significantly 
positive, in another significantly negative. (Cp. above, page 150). 

Different authors, working either with the same species or with 
different species, ha\e often obtained widely differing results ot in- 
breeding. The results of the present investigation strongly emphasize 
the fact thal such differences are always to be expected and are most 
probably due solely to differences in the initial material. Different 
populations, and also different individuals within the same population, 
give widely different results after inbreeding, and this may be due to 
different degrees of heterozygosity, but also to the nature of the hetero- 
zygous factors. The danger of generalization, even of results gained 
from a large material, is made obvious by thcse facts. 

As regards the effect of inbreeding, the results of the present in- 
\estigation are in full accordance with current theories, f. e, the do- 
minance theory, as completed with the hypothesis of linkage and the 
interaction-hypolhesis. Inbreeding depression has been shown to be 
very common in allogamous grasses, but the degree of depression varies 
widely with the constitulion of the mother plant, and all depression 
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phenoinena observed could easily be explained by the assuinption of 
segregating factors. The rcsults are not only in accordance w ith current 
theories, but in some instances they could be ulilized in disproving 
objections raised against the dominance theory. 

The complicated segregation obtained afler selfiiig wilhin allo- 
gamous species is very difficult to analyse exactly. The best way to 
attack the still unsolved problems of inbreeding seeins, therefore, to 
be extensive experimentation with artificial hybrids of autogamous 
plants. On such material the detail problems may be niore easily 
clarified, and then it may be possible definilely to solve even the inorc 
complicated problems offered by allogamous species. 


V. SUMMARY. 

1. The purpose of the investigation was to contribute to oiir 
knowledge of the fertilization biology, especially the self-fertility, of 
some economically important herbage grasses, and to study the effect 
of inbreeding upon the progeny. 

2. The fertility has l>een investigated more or less extensively in 
the following species: Fcstuca pratensis, F. rubra, F. ouina, Poa praten- 
sis, Alopecurus pratensis ^ DactpUs glomerata, Phleum prateiise^ Loliuni 
perenne, L. miiltifloriim, L, remotum and L. temulentiim, The eifect 
of inbreeding has been studied inainly in Phleum pratense, Dactylis yln- 
merata, Festiica pratensis, Loliiim perenne and L. nniltiflorum, 

3. The present paper gives detailed results of the investigations in 
Festuca pratensis, Dactylis glomerata and Phleum pratense, while the 
results in other species have been published elsewhere and are only 
briefly sumniarized in this paper. 

4. Reviews of the experimental results in each species are given 
on page 26 (Festuca pratensis), 39 (Dactylis glomerata), 110 (Phleum 
pratense) and 118 (other species). 

5. Most of the species investigated have a low average self-ferlility. 
but Loliiim remotum and L. temulentum are highly self-fertile, and Poa 
pratensis has a rather high degree of self -fertility. Great genetical 
differences between different individuals have lieen found in most of 
the species. Exceptions are Lolium multiflorum, L, temulentum and 
L. remotum, The two latter species may be completely self-fertile 
with no differences between individuals. 

6. Even as regards general fertility, great differences between indi- 
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viduals are found in the species investigated. Sterility is often accom- 
panied by a capacity of vegetative propagation (pages 29 and 119). 

7. The caiises of the variation in ferlility have been separated by 
means of the analysis of variance and by determination of correlations 
(discussion on pages 124 and 131). 

8. The different types of sterility met with have been classified 
according to the definitions of previous authors (page ^23). 

9. The relation between »isolation-fertility» and »self-fertility» is 
discussed (page 128). The former is in general lower than the latter, 
because of the modifying influences of the isolation. These modifying 
influences are least marked when comparing different panicles within 
the same bag, more so between different bags on the same plant, and 
still more when different plants are compared. 

10. The existence of genetical differences in fertility is proved in 
three different ways, viz. l) much greater variation between plants than 
within plants or between plantlets of the same clone, 2) correlations 
between fertility of the same individuals under different environmenlal 
conditions, and 3) correlations between the fertility of the mother plant 
and its progeny. 

11. The occurrence ot self-sterility af ter inbreeding is shown to be 
due to segregation in different faetors, directly causing a decrease in 
fertility or causing a depression in general vigour, which again impedes 
the fertility. The marked differentiation as regards fertility indicates 
the existence of comparatively few but effeclive genetic faetors. Selec- 
tion in inbred families results in constant sterile types or in constanl 
highly fertile types. 

12. A eorrelation between self-fertility and general fertility could 
be demonstrated in Festuca pratensis, F. rubra, Poa pratensis and 
Phleum pratense. The causes of this eorrelation have been discussed 
(page 134). The eorrelation is not, however, complete, but there is most 
probably an independent segregation in self-fertility. 

13. Deleterious effeets of inbreeding have been shown to be very 
common in the species investigated in this respect, with the exception of 
Poa pratensis. This species, however, is probably not normally sexual. 
The effeets of inbreeding in the self -fertile species Lolium remotum and 
L. temiilentum liave not been studied. 

14. Different methods for the determination of the inbreeding 
effeet have been discussed (page 139) and it has been pointed out that 
wrong methods may lead to great mis-interpretations of the results. In 
connection with this, the question as to what should be meant by a 
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material »free from inbreeding» was briefly discussed (page 142). A 
theoretical Iq generation is hardly found in nature, and llie notations 
lo and In in a material are only relative indications of the degree of 
inbreeding. 

15. The relations between »isolation effeot» and inbreeding effect 
are discussed (page 143). It is shown, tliat in llie present material the 
influence upon the seed of the unfavourable environment within llie 
bags is of minor importance for the development of the inbred progeny. 

1(>. In some cases in Lolium perenne the germination is poor 
after isolation. The low germination per cent. is most likely diie to 
lethal factors, which kill the embryos. Positive correlation exists bet- 
ween the germination in isolated and non-isolated seed from the same 
plant. 

17. Chlorophyll-deficient seedlings, dwarfs and other lethal and 
sub-lethal types are more common in inbred material Ihan in progenies 
after open pollination. The winter hardiness is also impeded by in- 
breeding, which is considered to be due to segregation in factors wilh 
a sub-lethal effect. 

18. A mark(*d effect of inbreeding upon height could be demon- 
straled, whether the inbred material was compared with »outbred> 
progeny or wilh the inolher plant itself. If the mother plants were 
already inbred, a decrease iii height could in general be observed in the 
inbred progeny, but an increase in height after open pollination. There 
are exceptions, though, where the »outbred» progeny was lower thaii 
the mother plant. 

19. There are great differences in height between different fani- 
ilies, and these differences are observed in inbred as well as in »out- 
bred» families, although they are generally more marked in the inbred 
material. The differentiation within the families is strongesl in the 
inbred material, which indicates the occurrence of a segregation in 
height. 

20. The differences existing between mother plants in inbred gen- 
erations, represented by clones, are diminished after sexual reproduc- 
tion, inbreeding or open pollination. This fact is discussed and explained 
in accordance with the dominance theory (page 146). 

21. Different plants show widely different effects of inbreeding 
upon the progeny. The correlations between effect of inbreeding and 
variability in the inbred material have been determined and discussed 
<page 147). 

23. The differences between successive generations as regards in- 
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breeding effect could only be studied on a very scanty material. The 
results indicate that the inbreeding minimum is rather rapidly attained 
in same timothy strains. 

24. The skewness of the distribution has been determined in ma- 
terial belonging to different inbred generations. The skewness increases 
with increased inbreeding, which fact is discussed in its bearing upon 
the dominance theory and upon the hypothesis of interaction (page 149). 

25. In some cases several different characters are strongly corre- 
lated in inbred material. This fact is discussed (page 150) and consi* 
dered to indicate segregation in »vitality factors» of fundamental im- 
portance for the development. In some families, the correlation is 
probably due to linkage. In many cases, the different characters stu- 
died vary independently, which is taken to indicate segregation in 
factors with a more special effect on separate characters. 

26. The differences between different plants as regards the effect 
of inbreeding upon their progeny is discussed (page 151), and it is point- 
ed out that the constitution of the mother plant decides the result of 
inbreeding. Differences may be caused by different degrees of hetero- 
zygosity but also by the nature of the heterozygous factors. The wide 
variation in the results of inbreeding makes it impossible to generalize 
from the results of a singie investigation, even if this is made on an 
extensive material. 

27. Al] results obtained in the present investigation are in full 
accordance with current theories, i. e. with the assumption that all the 
effects of inbreeding may be explained by Mendelian segregation. 

The Västernorrland Substation of Sveriges Utsädesförening, Un- 
drom, Sweden, April 1933. 
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ZUR GENETIK VON PHASEOLUS VULGARIS 

VIL ZWEI WEITERE GENE FOR SAMENEIGEN- 
SCHAFTEN, Cor UND Fast 

VON HERBERT LAMPRECHT 

SAATZrCHTANSTALT WEIBULLSHOLM, LANDSKRONA 
(With a siimmary in English) 


D IE phänotypisclu! Manifestation der beiden hier zu besprechendeii 
(iene ist wohl sicherlich jedeni oder wenigstens den nieisten be- 
kannt, die sich einigeniiassen mit dem Studium verschiedener Rassen 
von Phaseolus viikfriris )»eschäftigt haben. Die cine dieser beiden Eigen- 
schaften betriflt eine gewisse Zeicbnung der Testa in unmiltelbarer Nähe 
des Ililumrandes, die andere eine charakteristisclie Form der Kotyle- 
donen iind damit aucli des Samens. 

Die in Frage stehende Zeielmung der Testa ist von mir friiher 
(Lamprecht erwähnt und als Corona bezeichnet worden. Die 

(^orona ist ein farbiger, den ililiimrand umfassender Ring, der an der 
Stelle der (airuncula — soweit bisher beobachlet - - stets unlerbrocben 
ist. An der der C.aruneula gegeniiberliegenden Stelle aussen am Ililuin- 
rand, dem Platz der Mikropyle, ist die (.orona entweder geschlossen 
oder iinterbrochen, Lelzteres kommt bedeutend seltener vor. Im er- 
steren Falle macbl sie einen kleinen, vom Hiliimrand nach aussen vor- 
springenden Rogen um die Mikropyle und ist an dieser Stelle in der 
Regel bedeutend schmäler als an den langovalen Seilen des Ililums. An 
den lelzteren Slellen liat die Forona gleiche oder etwas grössere Rreile 
als der Hiliimrand. Die F.orona kann vom Hiliimrand ziiweilen durch 
einen feinen helleren Rand getreniil sein, oder sie kann - Avas meistens 
der Fall ist — unniittelbar an den Hiliimrand anschliessen und so als 
eine Fortsetzung di(‘ses nach aussen in einer mehr oder weniger ab- 
weichenden Farbe erscheinen. Fin Same mil gefärbtem Hiliimrand und 
typisch ausgebildeter ("orona ist in Fig. 1 abgebildet. 

Die Farbe der ("oroiia ist eine verschiedene. Bei besliminten Testa* 
farben oder vielleicht (iruppen von solchen scheinen aiich nur beslimmte 
(".oronaf arben vorzukoinmen. Die Farbe der (^.orona steht also an- 
scheinend in einer bestimmlen Beziehung zur genotypischen Konstitu- 
tion fiir die Testafarbe. 

Reinweisse Samen mit Corona sind von mir noch nicht beobachtel 
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wordeii. Oircnbar ist deinnach fur die Ausbildung einer farbigen ('.orona 
teils die Anwesenheit von P, dem (irundgen fiir Testafarbe, teils die 
Anwescnlieit irgendeines der seclis Farbgone C, ./, G, B, V oder B in 
dominanter Form erforderlich. 

Im Folgenden werden eine An/ahl von Testaf arben mit den ihnen 
entsprechenden (ienenforineln sowie den bei denselben vorkommenden 
(Loronaf arben angefiihrt. In bezug auf dic Bezeicbnung der Testa- 
farben sei auf eine meiner fruheren diesbeziiglicben Arbeiten (Lamp- 
UECHT 1083, S. 254 — 259) verwiesen. Die Bezeichnung 
der ('.oronafarben erfolgte auf (irund der auch 1. c. be- 
nutzten Arbeit von R. Ridgway (1912): Dolor Standards 
and Nomenclature (abgekurzt — ('.S). 

Gcscluncfeltex Wm.v, PP CC jj gg bb iw; ('.oroiia: 
Dunkles Dusky (Jreen Blue (2), ('S XXXIV^", 43" m — n. 

Gelblich Weiss, PP CC jj gg bb vo {iiiimi miamio'?); 
(.orona: Buffv Brown, ('S XL, 17"' i. 

Rohseideiigelb, PP cc JJ gg bb vv; ('orona: Helles 
Ochraceous-Orange, ('.S XV, 15'— 15' a. 

Schomois, PP CC JJ gg bb ov; bei dieser Testafarbe 
sind zwei verschiedene ('.oronafarbeii angelroffen wor- 
den und zwar: Dusky Yellowish (Ireen bis Dusky Olive- 
(ireen, (’.S XLl, 29'" m — 25'" m und Ochraceous-Tawny, 
CSXV, 15' i. 

Maisgelb, PP cc JJ GG bb oo; Lorona: Yellow Oclier- 
Orange, eine Farbe, die zwiscben Yellow Ocher, ('.S XV, 
17' und Ocliraceous Orange, (^S XV, 15' liegt. 

Bister, PP CC JJ GG bb oo; (.orona: Dark Olive l)is 
Deep Olive, ('.S XL, 21'" ni — k. 

Havannabrmin, PP cc JJ gg BB oo; ('.orona: Tawny, 
LS XV, 13' i und etwas dunkler bis Helt Hazel, ('.S XIV, 11']— k, 

Miii\zbronz(\ PP C(. JJ gg BB vo; Lorona: Dunkles Dusky Dull 
Bluish (ireen, LS XLIL 4'"m --n. 

Mineralbraiin, PP CC JJ GG BB oo; (a)rona: Dull Blue-(ireen Black, 
CS XLVUl, 41"" 111. 

Agcrdtumblau (bis Hell Zimtfarbig). PP cc JJ GG bb VV; (.orona: 
Llay Lolor mil Dbergängen zu (annamon, (iS XXIX, 17" — 15". 

Graalich ludigo, PP cc JJ GG BB VV; ('.orona: Wood Brown, OS 
XL. 17'" und dunkler. Bei dieser und bei der vorigen Testafarbe, 
Agerdtiimblau, isl die Farbe der ('.orona heller als die der Testa. 

Kdstduienbraiin, PP CC JJ GG bb W; (^orona: Bei dieser Testafarbe 



Fig 1. Ein Sa- 
iiu*n mit Rislci 
Hilumrancl und 
aiisscii iim die- 
sen mit Dark 
Oli^e Corona 
Die Coronn isl 
diireh die Ca- 
ruiicula imter 
Iirochen iiiid 
macliteinen klei 
nen sclimalen 
Bogen uin die 
Mikropyle 
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ist — f^leicJiwie hei Heinscinvarz ansc]iein(*nd inunor - f^ewötinlich 
keiiie (lorona \vahriiehm))ar. Miliintor iTschoinl dii\>e aber iii einer 
luilleren Farbe als die der Testa, die dann ain ebesten Vinaceous-Rrown, 
F.S XXXIX, 5"' i enlspricht. 

Die vorstehend mitf?et(‘ilte Ziisaiiiinenstellunj» der ])ei 12 versclue- 
denen 'Festafarbeii vorkoiiiineiiden (k)r()nal*ar})en diirlle eiiislweilen 
folgende Feststelliiiigen gestatten. Die Farbe der (k)r()na wenii eiii(‘ 
solcbe uberhaupt aiisgel)ildet wird — ist von der genolypiseben Kon- 
stitution liir die Testatarbe abbängig. In den oben initgeteilten Fälten 
sind es insbesondere zwei (iene, die in dieser llinsicbt eineii starkcMi 
Kinlluss besilzen, näinlieb (l und J, Bei sänitlicben IVstalarben, dit‘ 
J al)er nicbt C in ibrer genot\ piscben Konstitution bal)en, linden wir 
orange-braiine ("oronaiarben. Es sind dies die Testararl)en! Rotiseiden- 
gelb, Maisgetb, llavannabraiin, Ageratumblau und (irauticb Indigo. 
Die iibrigen drei (iene b', li und V scbeinen bierbei keine nennensw erte 
Holle zu spielen. Bei Anw(‘senbeit von uur E bat die Eorona eine dunkel 
blaugrune Farbe: Dunkles Dusky (ireen Blue. In den Fäll(‘n vvo (l und 
J gejneinsani vorkoininen, scbeinen iin altgennänen Farben aul/utn^ten. 
die eiiu* gewisse Kombination der lur C und J cliarakteristisetien Farben 
darstetten, /. B. Dunkeloliv- -Olivbraun- Braun. Scliliesslicb vväre zu 
erwäbnen, dass die (lene mi und /n/n, die bei Rolis(‘idengetl)en Samen 
liir die Ausbildung (änes Mikro[)ylenslreil'ens veraiilwortticti sind und 
die iiberdies (a^sctnveleltes Weiss in (ielblicli Weiss umzuwandetn 
sctuänen, gteicbzeitig tiierinit aucti eine Veränderung der Eoronalarla* 
von Dunkles Dusky Clreen Blue zu Buffy (Ireen l)e\virken. Fur die 
Testatarbe Scbamois sind zwei ('oronalaii)en lestgesltdll vvorden. Viel- 
leictd ist die letztere, Octiraceous-Tavvny, durcli die beiden eben genann- 
teii (it*ne bedingt, die (iesctiwetettes Weiss in (i('tl)ticli Weiss vtTvvan- 
deln. Die Testatarbe Setiainois scbeint durcb diese jedocli nictd sicber 
verändert zu vverden. 

Was die Vererbung der ('.orona betritft, so ist sclion iridier in 
mebreren meiner Kreiizungen sowie aucli in sponlanen Kreuzungen 
eine Spaltung in Samen mit und obne ('.orona beobacbtet vvorden. Eine 
exakte Analyse ist in diesen Fätltai jedocb aul uniibervvindbare Sebvvie- 
rigkeiten gestossen, da es stets eine verhältnismässig grosse Anzabl von 
Individuell — gevvöbnlicb mil mebr oder weniger dunklen Teslalarlien 
— gegeben bat, bei denen einige Samen eine ('orona iiur sclivvacb an- 
gedeutet hatten, andere aber keine Spur einer solcbon aufzuweisen 
scbienen. Man war bierbei nieinals sicber, ob gevvisse Proben nicbt 
docb eine sebr schvvaclic ('.orona zeigten oder nicbt. Andere Indivi- 
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duen wiederum hatlen Samen mit einer sehr starken Corona; und alle 
Cbergangsstufen schienen vorzukommen. Bei den dunklen Testafarben 
Reinschwarz, Veilchen violett, Kastanienbraun etc. war aber so gut wie 
niemals eine Corona wahrnehmbar. Wie wir weiter unten sehen wer- 
den, beruhte die schwach ausgebildete Corona, deren Feststellung bei 
gewissen Testafarben uberdies unsicher ist, auf Heterozygotie in der 
Erbanlage fur die Ausbildung der Corona. 

Um ein in genannter Hinsicht vollkomnien sicher analysierbares 
Material zu erhalten wurden im Jahre 1931 zwei Linicn miteinandor 
gekreuzt, die beide die Testafarbe Geschwefeltes Weiss hatten, die eino 
mit starker, die andere ohne Spur von ("orona. Der eine Elter ist 



Fig 2. Drei Sumen mit der Testafarbe Geschwefeltes Weiss (PP CC) und weissein 
Hilumrand. Linker Sumc ohne Corona, Cor Cor, rechler Same mit slarker Corona, 
cor cor, in der Farbe Dunkles Dusky Green Blue, mittlerer Same mit schwach an- 
gedeuteler Corona, Cor in gleicher Farbe. 

Linie 23 aus der Handelssorte Pariser (ielbe, mit starker Corona in der 
Farbe Dunkles Dusky Blue (siehe Fig. 2, rechter Same), der andere 
Elter ist die schon fruher mehrmals verwendete Linie 29 aus der Han- 
delssorle de la Chine, ohne Corona (siehe Fig. 2, linker Same). 

Die Kreuzung, Nr. 83, ist in beiden Richtungen ausgefiihrt worden, 
und in beiden Fallen ist das gleiche Resultat erhalten worden. Die auf 
der erstcn Ccneration erhaltenen Samen haben durchweg eine melir 
oder weniger schwache C.orona in der gleichen Farbe wie der eine 
Elter, Linie 23, gezeigt. Der mittlere Same in Fig. 2 slelit einen solchen 
Hybridsamen dar. Die Starke der Corona zeigte hier eine gewisse Varia- 
tion, die offenbar modifikativer Natur ist. Sie trat auch so gut wie immer 
an den Samen ein und derselben Pflanze auf. Aber niemals erreichte die 
Farbe der Corona auch nur annähernd die Stärke derjenigen der 
Linie 23. Die Samen einiger Pflanzen wurden uberdies — was bei 
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einem Selbstbefruchter wio Phaseolus vulgaris wohl iiberflussig er- 
scheinen diirfte — in solche mit sehr schwacher, schwacher und deut- 
licherer Corona sortiert und gesonderl ausgesät. l)as Resultat in Fj 
ist jedoch dasselbc geweseii. 

Das in der zweilen Generation festgestellte Spaltungsrcsultat ist in 
Tabelle 1 wiedergegeben. Das hier spaltende (ienpaar wird, abgeleitet 


TABELLE 1. Die Spaltung im Genpaar Cor — cor in F, von Kreiizung 83, 


Kamilieii* 

Nr. 

A n z a h i Individ 

( 

ohne mit schwa- 

Corona | cher (llorona i 

Il e II 

mit starker 

(Corona 

Summe 

Individiien 

1 

7271/1 

20 

35 

15 

70 

' 7271/2 

13 

28 , 

10 

51 

7272/1 

16 

20 

12 

48 

7272/2 

23 

54 

28 


i 7273/1 

19 

42 

10 

71 

7273/3 

13 

29 

12 

54 

7274/1 

5 

8 

4 

17 

7274/2 

7 

18 

6 

26 

) 7275/1 

....1 8 

21 

14 

43 

7275/2 

9 

16 

8 

33 

7275/3 

9 

19 1 

13 

41 

7277/1 

8 

23 ' 

13 

44 

Summen: 

150 

308 

145 

603 

1 Erwartet; 

150 , 7 ;. 

301,50 

150,75 


' D/m fiir 1:2:1 

0,07 

0,53 1 

0,54 

— 


von Corona, als Cor — cor bezeiclinet, und es soll dic doppellrezessive 
Form cor cor der starken Corona entsprechen. Wie aus Tab. 1 ersicht- 
lich wurde eine klar monoliybride Spaltung nach dem Verhältnis 
1 CorCor : 2 Corcor : l corcor erhalten, Die gefundenen Zahlen zeigen 
sehr gute Ubereinstimniung mit den theoretisch erwarteten. Die Klassi- 
fikation hat in dieser Kreuzung keinerlei Schwierigkciten verursacht. 
Es bestand niemals der geringste Zweifel dariiber, ob keine oder nur 
eine schwache ('.orona vorhanden war. Unler den Sainen mit schwacher 
C.orona gab es dagegen mitunter einzelne, die sich in der Starke der 
Farbe recht sehr denen mit starker C.orona näherten. Es waren dies 
aber dann nur einige Samen einer Pflanze und nicht alle. 

Mit Hinblick auf dicse Erscheinung ist es leicht zu verstehen, dass 
eine exakte Analysierung dieser monohybriden Dreitypen-Spaltung 
(sog. Zea-Spaltimg) in Kreuzungen, wo uberdies mehr oder weniger 
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dunkle Testafarben ausspalten, auf praktiscli genommen unuberwind- 
bare Schwierigkeiten stossen wird. Ein Studium der Vererbung der 
verschiedenen Farbgcne fiir Testafarbe zusammen mit dem Genpaar 
Cor — cor wird aber trotzdem möglich sein, nur mussen liierzu eben 
Elternlinien verwendet werdeii, die immer Träger nur je eines Farb- 
gens sind. Jedes der sechs F^arbgene fur die Ausbilduug der Testafarbe 
bei Phaseolus vnlgaris verursacht nämlich nur eine ganz helle 1^'arbe 
(siehe Lamprecht 1933, S. 250 251). 

Hier mag scliliesslich crwälmt werden, dass die vier bisher analy- 
sierten Zcichnungen in der Nähe des Hilumrandes bei Phaseolus vulgaris 
eine rechi verschiedene Vererbungsweise zeigen. Der Garunculastrich 
((ienpaar Ca — cu) zoigt anscheinend vollkommene Dominanz, die Bräme 
(Genpaar Mar — mar) ist eine rezessive Eigenschaft, der Mikropylen* 
streifen (Genpaare Mi — mi und Mia — mia) erscheint doppelt rezessiv 



Fig, 3. Ein lypischer 
Same vom fastigiata- 


l)edingt und die hier oben analysierte Zeichuung, 
die (U)rona (Genpaar Cor — cor), zeigt eine mono- 
bybride wSpaltung, bei der der Heterozygot eine 
intermediäre Stelhmg einnimmt (vgl. Lamprecht 
1932 und 1933). 

Die zweite Sameneigenschatl, deren Verer- 
buug hier sludiert werden soll, bezielit sich auf 


Typ US aus Linie 34 der 
Handelssorle Tausend 
iiir Eine (-' Zucker- 
Reisperl). 


die Form der Kotyledoiien und damil aiich auf 
die der Samen. llnter den Hunderten von Han- 
delssorten der (iartenbohne niminl die kleine 


Perlbohne Tausend fiir l^ine (aucli Zucker-Reis- 


perl geiiannt) auf Cirund ihrer charakleristischen Samenfonn eine Son- 
derslellung ein. Fig. 3 zeigt einen fiir diese Sorte typischen Samen. Wie 
ersichtlich hat dieser Same eine schräg zugespitzte Form. Die Spilze 
liegt links, auf der Mikropylenseite, aber nichl in der Mitte des Sainen- 
endes sondern recht stark nach unten zur Basislinie verschoben. Auf 


dieser Seite fällt der Samen gleich von der Mikropyle an stark ab. Die 
abfallende Linie ist schwach bogenförmig gekriimmt. Im Zusamnien- 
hang hiermit lässl sich feststellen, dass solche Samen auf der Mikro- 
pylenseile des Hilumrandes fast stets grössere Höhe aufweisen als auf 
der Caruneulaseite, und ferner dass die Basislinie des Samens keinc 


symmetrische Krurnmung mit dem tiefsten Punkte etwa in der Mitte 
aufweist sondern dass letzterer gewöhnlich recht deutlich gegen das 
spitze Ende verschoben ist. 

Die bei diesem fastigiata-Typus, wie ich ihn nennen will, vorhan- 
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(lene schräge Zuspit/ung scheint liei so gut wio alleii aiuJeren Formen 
von Hohuoiisamen diirch ein yieiulich regelmässiges, breil geriindetes 
Knde ersetzt zu seiii. Kine Aiisnaliine hiervon bilden jedocli die an 
ihren Enden inehr oder wimiger abgestumpften und daher eckigen 
tnincdtum-Siimvn, die ibre Form dem Umslande zu verdanken haben, 
dass die vSamen nocli l)ei beginnender Heile so dicht in den Hulsen sit/en, 
dass ilire linden aneinandergepresst liegen. Von extremen triincatum- 
Sainen bis zu den gewblinliehen Formen mil normal geiundelen Enden 
gibt es alle Cbergänge Die erbliclien Voraiisset/ungen lur die Aus- 
bildung von /rn/UYi/u/n-Samen werden in zweierlei Ricbtungen /u 
suchen sein: teils in der (irösse des Abslandes der Samenanlagen in der 
Ilulse und leils in der Länge der Samen. rrnnrr//n/7?-Sanien werden 
also /ustandekominen, wenn die Sainenlänge den Absland zvvischen 
den ein/elnen Ansal/stellen dieser in der Ilulse iiberschreitel. Fig, 4 
/eigt einige verschiedene iruncatiim-Siwnew^ die in F von Kreu/ung 21 
fsiebe weiler unten) ausgespaltet haben. 



Kig 4 Dit! vcM scliic<U ne iniiuatum Stinwn ausgespalloii «n Kreu/unj» 21 I)ei 
1 et hte Same isl stark schiet /iigespil/l iiiul gehoit dem fn^figidta an 

1a ist 711 erwarlen und aiich eingetrotlen dass in Kreu/ungen in 
denen triincaturn-Simivn aultreteii, eine Klassitikation eines IViles dieser 
init llinsicht aul den f<isti<juif(t'T\\n\s nieht gan/ sicher isl. Eine durch- 
weg sieliere Analyse der Vererbung des /as/7(//o/o>T\ pus vvird also ent- 
weder nur in Kreu/ungen diirchluhrbar sein. in denen keine truucatiiin- 
Samen ausspalten, oder aucli man ist genbligl eine umlangreiclie nächste 
(leneration aul/uziehen uin aut (irund der Spallung in den Faniilien 
dieser die Resultate in der vorberigen (leiieralion uberpriden und be- 
ricbligen /u können. l^et/leres isl aber wohl stets der l'all, da ja zur 
Beurteilung der Spaltung sonstiger Eigensehatten eine Fj gebaul werden 
muss und diese gibt schon F -vSamen, die dann in teils konstante 
und (eventuell verschieden) spaltende Familien klassil i/iert werden 
können. 

Uber die Vererbung der /a,s*bV/iVi/a-Sainenlorm liegt bisher nur eine 
kurze Mitteiluug von E. v. Tschermak (1922, S. 40- 41) vor, die er 
gelcgentlich eines Berichtes iiber die Vererbung des Samengcwiclites in 
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der Kreuzung Zucker Reisperl (Tausend fur Eine) X Anker macht. Er- 
wähnt sei, dass Anker lange, walzliche Samenform hat. t)ber die Form 
der Fi-Samen wird nichts mitgeteilt. E. v, Tsghermak sagt: »Bezuglich 
der Samenform ist ebenso wie bezuglich des Samengewichtes augen- 
scheinliche Mischsamigkeit un Fi-Pflanzen in der SG,j sowie an gewissen 
Fs-Pflanzen in SG„j zu beobacliten». Das beisst: die Samen der SG,, 
(= Samengeneration II, die auf Fi erhaltenen F 2 -Samen) zeigten teils 
walzliche und teils eckige Form und gleiches gilt fiir die Samen gewisser 
F 2 -Pflanzen. E. v, Tsghermak klassifizierte die an zusammen drei 
Fi-Pflanzen erhaltenen Samen in folgender Weise: 

a) 58 reine eckige Reisperlform, 

b) 76 intermediär, mehr eckig, 

c) 203 intermediär zwischen eckig und walzlich, 

d) 75 intermediär, mehr walzlich, 

e) 36 reine walzliche Ankerform. 

Summe: 448 Samen. 

Dieses gefundene Spaltungsverhältnis: 58 a) : 76 b) : 203 c) : 75 d) : 
36 e) deutet E. v. Tsghermak als etwa 7 : 9 : 32 : 11 : 5 enlspreohend 
(Kombinationszahl 64), also als trifaktoriell. 

Die Samen einer der drei Fi-Pflanzen wurden — gesondert nach den 
oben angefuhrten 5 Gruppen — in Fa weitergebaut und ergaben 
89 Pflanzen, In bezug auf die hierbei erhaltenen Resultate sagt 
E. V. Tsghermak: j^Sonach waren von den phänotypisch in SCij, als 
rein eckig klassifizierten 12 (daneben 8 nicht aufgegangen) Samen nur 
zwei Drittel homozygotisch, ein Drittel heterozygotisch — fur die als rein 
walzlich klassifizierten acht Samen ergab sich das Verhältnis drei Viertel 
zu ein Viertel. llnigekehrt erwiesen sich von den äusserlich als inter- 
mediär klassifizierten Samen nicht wenig (6 + 12) als genotypisch rein 
eckig bzw. (13 + 8) als genotypisch rein walzlich. Die rein phäno- 
typische Klassifizierung erweist sich sonach als wcitgehend unzuver- 
lässig: ein (ileiches gilt von der Aussage iiber teilweises Fortspalten 
äusserlich rein eckiger oder rein walzlicher Samen. Nur das kaim er- 
schlossen werden, und zwar speziell aus dem anscheinenden Bestehen 
recht verscliiedener Spaltungsverhältnisvse der Heterozygoten (12:4, 
11 : 5, 9:7) — dass eine mindestens trifaktorielle Grundlage fur den 
Unterschied von eckiger und walzlicher Samenform anzunehmen ist». 
Eigentumlich erscheint es, dass E. v. Tsghermak in der 3. Samen- 
generation wohl die eben genannten drei verschiedenen Spaltungsver- 
hältnisse fur eckig: walzlich (nicht umgekehrt!), aber nichts mehr von 
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dem ill der 2. Samengeiieralion konstalierten ungewöhnlichen Spaltungs- 
verhältnis tindet. Theoretisch ware doch dieses Verliällnis in grösster 
Frcqueuz zu erwarten gewesen. 

Von inir Lst die Vererbung der Imtiguita-V orm in mehreren Kreu- 
zungen stiuiierl worden. Diese liabeii bishcr iibcreinstimmende und an- 



5 Links ri-Saiiu* iiach Kicu/ung Liiiie 34 [fastigiata-Typus) V X Linic 25 
(ovalt'i T}pus) (5, lochts Fi-Saine iiach re/iproker Kreuzung Letzterer ist in der 
horni \on den Sunien der Linie 25 niclit sieher zu unlerscheiden 

seheineiul eindeulige Resultate gelielerl Der eine Klter ist in sämllichen 
Kreii/ungen Linie M aus Tausend lur Eine gewesen. Hier scien kurz 
die ICrgebnisse von 3 Kreuzungen angetiihrt. 

In Kreu/ung 21 wiirde Linie ‘14 mit Linie 25 aus Braune Bolme 



Fig (i Seehs \crsthiedene Fj-Sainen aus Krcu/ung 21 Obere Reihe drci ver- 
schiedeiie fnsttgiatd-Sniuvn, iinterc Reilic linkei Same von iinsichercm Formtypus, 
die beiden rcchten Samen von ovaler Form 


(Prinyess-Typus) und umgekehrt gekreuzt. Bei den nach Befruclitung 
von Linie 34 mit Pollen von Linie 25 erhaltencn F\-Samci\ ist jede Spur 
der liir erstere Linie charakteristischen fastigiata-Vorm verschwunden. 
Die Fj-Samen zeigen anslatt dessen, wie aus Fig. 5 liervorgeht, eine fast 
ganz symmetrische, länglich ovale Form. Die ovale Samcnform scheint 
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also vollkomiiien iiber die fastigiata-F orm zii dominioren. Wird uni- 
gekehrt Linie 25 mit Pollen von Linie 34 befruclitet, so werden Fi- 
Samen erhalten, die sich kaum in irgendwelcher Hinsicht — vielleicht 
abgesehen von einem geringen (irössenunterschied — \on den Samen 

TABELLE 2. Die Spaltung im (ienpaar Fast Fast an F^-Samen, erhalten 
mif der ersten Generation von Kreuznng 21: L25, Braune BohneX, 
L34, ans Perlhohne Tausend fur Eine, 


A n z a h 1 S a m e ti 


Familien- und Fflan/cn- 

Nr. 

Ovaler Typus: 
Fast Fasi und 
Fast fast 

Schråg-spitzer 
Typus: 
fast fast 

Summe 

Samen 

1 

lOlol/l 

96 

46 

1 

142 1 

10152/1 

133 

46 

179 1 

10152/2 

124 

41 

165 

10152/3 

121 

36 

157 1 

10153/1 

87 

31 

118 

10153/2 

171 

52 

223 

10154/1 

215 

80 

295 

10151/2 

64 

28 

92 

10155/1 

103 

32 

135 ‘ 

' 10155/2 

115 

39 

154 

, 10156/1 

142 

54 

196 

1 10156/2 

97 

28 

125 1 

1 10157/1 

111 

! 38 

149 

10157/2 

72 

28 

100 

' 10157/3 

90 

32 

122 

, 10158/1 

117 

41 

158 

10159/1 

91 

34 

125 1 

1 10159/2 

60 

19 

79 

1 10160/1 

69 

20 

89 

, 10160/2 

109 

38 1 

147 ' 

1 Summen: ' 

2187 

763 

29.50 

1 Erwartet: 

1 r.i— o . 4 

2212,50 

4 _ _ 

737,50 

— 1 


I D/m lur 3 : 1 1,08 


der Linie 25 unterscheiden lassen. Ks werden also hier — wenigslens 
was die (irösse der Samen betrilft -- bei reziproker Befruchtung ganz 
verschiedene Resultatc erhalten. Diese bilden offenbar einen Kom- 
promiss zwischen dem Einfluss des fremden Pollens iiiid dem Einfliiss 
der Multerpflanze auf den Sainen« Letztere, hauptsächlich die Samen- 
grösse betreffende Erscheinung, uber die von E. v. Tschermak (1922) 
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eingehond herichlvl wird, soll in eiiier bivsonderen Arbeil studicrt 
werden. 

Die auf dc*r /^'i-Cioneralioii erludlonen f^-Saincn zeigten oine Spal- 
tung in verschipdeiu' I^orin iind (Irösst». Was dio Samenlonn bolriilt, 
so fand hier haupt^äclilich oino Spallung in rein ovalo und jdstujuifu- 
Typon statt. Sowolil der ovalo wio der /o.sfiV/io/r/-Ty|)iis zeiglen eino 
gewisse Variation. Aussor solcben gab os eino goringoro Aiizabl von 
Sanion, in bozug aul dio inan iin Zwoifel vorbliob, wolohoin \on dioson 
beidon Typen sio zugoroclinol \\ orden sollton. Fig. zoigt seclis I\- 
Sainon aus Krouzung 21. J)io droi Sanien in der oberon Reilio goböron 
zwoirollos dom /r/.s7/f//Vdr/-Tvpus an, der linko Same in dor unleren Heiho 


TAHKLLF a. Die Sjxdtmuj der F -Fainilicn in heziuj mij dus (lenjmnr 
Fast fast in Krenziiiuj "21: L 2*^) Braune Hohne ^ L aus Pertbohne 

Taiisend fur FAiu\ 


K,-Familien- 

Nr. 

rasl h'asl- 

Fi\ milion 
( kunstant) 

lutsl fasi- 
Familieii 
(spaltcnci) 

fast fast 

Farn ilien 

( konstant) 

Summe 

Fainilicn 

7021 

ao 

82 

54 

175 

7022 

17 

a? 

21 

75 

702a 

22 

aa 

15 

70 

7024 

17 

40 

20 

77 

7020 

20 

5a 

19 

92 

Summen: 

115 

245 

129 

489 

Krwarlel: 

122,2:, 

214.:,o 

122,2:, 


D/iii fiir 1 :2 : 1-- 

0,7(, 

0,«r. 

0,70 



isl in bozug aul soinen Typus unsiclior, dio boidon roohton sind ovalo 
Typon. Die Anzalii in luvug auf den 'Kypus unsicluTor Samon orroichto 
nur wonige Prozont und wiirdo das gotundono Spallungsverhiiltnis kaum 
nennenswort vorändirt liabon können. Da jodentalls, wie Iriiher er- 
wäbnt, eino zwoite (ieneration geliaut imd dann die F.-Samen klassili- 
zierl wurden, konnten evontuolle Irrtiimor berichtigt werden. Hierbei 
wiirden die in Tabelle 2 milgeteilten Zahlon erhalien, dio oino klar 
monohybride Spaltung nacli dem Verhältnis a ovale : 1 fastkjiata an- 
zoigen. Das liier s[)aitonde (ienpaar bezoictino ich unlor Bozugnabme 
aul* den rezossivon f astigiat a-T\\ms mit Fast —fast, 

Eine sichere Bostätigung dafiir, dass es sich hier um eino mono- 
bybride Spaltung im (lonpaar Fast —fast liandelt, biidet das Resultat 
der Klassifikation der Samenfaniilien in F.. Die biorboi erhaltenen 
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TABELLE 4. Die Spaltung im Genpaar Fast fast an F^-Samen, erlialten 
auf der zweiten Generation von Kreuzung 20: L 7, aus Alabaster I X 
L54, aus Perlbohne Tausend fur Eine, 


Familien- 

Nr. 

Anzahl 

spaltende 

Pflanzen 

Anzahl 

Ovaler Typiis: 
Fast Fast iind 
Fast fast 

S a m e 11 

Schräg-spitzer 
Typus : 
fast fast 

Summe 

Snmen 

D/rn 

fur 

3: 1 

11191 

40 

3413 

1123 

4536 

0,38 

11192 

63 

4129 

1431 

.5560 

1,27 

11193 

23 

1464 

463 

1927 

0,90 

11194 

4 

262 

81 

343 

0,59 

11195 

31 

2441 

807 

3248 

0,20 

11196 

28 

1645 

518 

2163 

1.13 

11197 

25 

1523 

517 

2040 

0,3<5 

11198 

40 

2111 

749 

2860 

1,47 

11199 

12 

770 

309 

1079 

2,75 

11200 

1 

46 

15 

61 

0,07 

11201 

7 

354 

114 

468 

0,32 

11202 

12 

631 

213 

844 

0,1R 

' 11203 

19 

1151 

378 

' 1.529 

0,25 1 

11204 

31 

1585 

501 

2086 

1 ,05 

1 11205 1 

26 

1369 

458 ' 

1827 

0,07 

1 11206 

21 

953 

329 

1 1282 

0,55 

' 11207 

4 

152 

57 

209 

0,7h 

11208 ' 

2 

111 

35 

146 

0,29 

11209 

21 

1360 

474 

1834 

0,«i 

' 11210 1 

13 

639 

182 

821 

1,87 

11211 

3 

243 

53 

296 

2,82 

11212 

11 

546 1 

172 

718 

0,65 

11213 

17 

1112 

335 

1447 

1,62 

11214 

9 

518 

180 ! 

698 

0,48 

11215 

28 

1688 

550 j 

2338 

0,46 j 

11216 

35 

1659 

529 1 

2188 

0,8» 

1 11217 

1 3 1 

1 140 

48 1 

182 

0,17 

Summen: | 

Erwartet: 

, i 

32015 

31977,0 

1 10621 
10659,0 

42636 

— 

D/m för 3 : 1 .. 

i 

1 

1 0,81 

— 

- ' 

— 


Zahlen zeigt Tabelle 3. Aus dieser ist ersichtlich, dass insgesaml 489 
Familien klassifiziert wurdcn und diese zeigten in sehr guter Cberein- 
stimmung mit der Erwartung eine Spaltung nach dem Verhältnisse 
n Fast Fast : 2n Fast fast : n fast fast. 

Die Werte fiir D/m sind fur dieses Verhältnis signifikativ. 
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Eine Untersuchunf^ der und F.rSamen in zvvei weiteren Kreu- 
zungen, Nr. 20 und Nr. 41, hat zu ^leichen Ergebnissen gefuhrl. I)ie 
Kreuzimg 20 wurde ausgefiihrl zwischen Linie 34 aus Tausend fiir 
Eine und Linie 7 aus Alabaster I. Die an den F.-Sanien erbaltenen 
Spaltungszablen sind in Tabelle 4 initgeleilt und zeigen ein einwand- 
freies nK)nohyl)ridcs Spallungsverbällnis an. Kreuzung 41 wurde aus- 
gefiilirt zwisclien Linie 34 und Linie 29 aus de la Lbine. In dieser 
Kreuzung sind bisber nur die Fj-Sanien untersucbt worden, und aucb 
diese bahen ein Spaltungsverbältnis, 3 Fnst : 1 fast entsprecbend, ge- 
liefert. 

In diesen Kreuzungen baben ausser dem (lenpaar Fast — f(tsf sicber- 
licb nocb ein oder inebrere andere die Form beeinflussende Genpaare 
gespalten. Diese baben aber offenbar bei weitem keinen so markanten 
ElTekt auf die Form wie das (ieni)aar Fast -fast. Die Wirkung des 
letzteren komite also in den von mir untersucbten Fallen meistens mit 
Sicberbeil beiirteilt werden. In bezug auf die Beurleihing sei nochmals 
hervorgeboben, dass ausser der direkten Beurleilung von Fn stets auf 
(irund der Samenfam ilien in F. riickgescblossen werden soll iim ev. 
Irrtiiiner beriebligen zu können. IVcbniscb ist e*s ferner bei der Klassi- 
tikation s(‘br von Vorteil, wenn die Samen jeder Probe (Familie) mit 
regelmässigen Abständen auf einer einen scbarfen Kontrast bildenden 
Fnterlage ausgebreitet w(Tden. 

In den von mir untersucbten Kreuzungen ist es also nicbt zu den 
grossen Scbwierigkeiten bei der Klassifikation der fastigiata^Fonn ge- 
kommen wie in der von E. v. Tschermak untersucbten Kreuzung. In 
meinen Kreuzungen bat aber keiner der EltiTii die lange walzlicbe 
Samenform gebabl wie die von E. v. Tschermak verwendete Sorte 
Anker. Es bat also den Anscbein, als ob die lange walzlicbe Samen- 
form durcb (iene bedingt wiirde, die die pbänotypiscbe Manifestation 
des fftstigiatfhCiQUs mehr oder weniger verbindern. Vielleicbt wiirde 
aucb in diesen Fallen auf (irund eines Studiums der Samenfamilien 
in der oder deii folgenden Generationen eine Klassifikation möglicb 
sein, eine Frage, die icb kunftig zu beantworten versucben werde. 


SUMMARY- 

1. In a Phaseolus-cross tbe inberitance of tbe corona, a coloured 
margin outside tbe bilum margin (fig. 1), was investigated. 

2. Tbe production of tbe corona is due to the gene cor. Seeds with 
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Cor Cor have no corona, with cor cor a very deeply coloured one, and 
with Cor cor a pale coloured corona (fig. 2, table 1). 

3. In some other Phaseolus-cToases the inheritance of the fastigiata- 
type of the seeds (see fig. 3) was investigated. 

4. The production of the fastigiata-type is due to the genotypical 
constitution fast fast. The gene Fast showed apparently complete do- 
minance. Slight difficultics with regard to the classification of the 
F., -seeds were easily eliminated by the study of the Fj-seeds (tables 2 
and 4). 
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ZUR GENETIK VON PHASEOLUS VULGARIS 

vni. tJBER FARBENVERTEILUNG UND VERER- 
BUNG DER TEILFARBIGKEIT DER TESTA 

VON HERBERT LAMPRECHT 

SAATZIICHTANSTALT WKIIUJLLSHOLM, LANDSKRONA 
(VVith a suliiniary in English) 


EINLEITUNG. 

D IE vorlicgencle Arbeit ist als erste Mitteilung eincr allseitigcn und 
eingehenden rnlersuchung der Vererbung der Teilfarbigkeil der 
Testa von Phaseolus viilgaris gedacht. Als Einlcitung soll zuerst eiiu‘ 
Cbersichl iiber die iiiir aus Literatiir und eigenen Untersucliungen bis- 
ber bekannten Typen l)zw. (iruppen von Typen mil verscbiedener Ver- 
teilung der Farben auf der Testa gegeben werden. Anschliessend an 
diese soll eine Besprecliung und Zusanimentassung der bisher iiber die 
Vererbung der Teilfarbigkeil veröffentlichten Rcsullate folgen (Histo- 
rik), woran ich eine kurz(‘ Diskussion der geiiotypischen Unlerlage und 
der Bezeichnung der bekannten in Frage kominenden (lenpaare an- 
schl iessen werde. 

Es soll bier schon vorweg erwäbnt werden, dass die in meinen 
Kreuzungen erhaltenen Resultale einen Reichtum an teilfarbigen Typen 
von Ph, vulgaris aufweisen, der mit Hinsicbt auf die friiher in der 
genetisclien Literatur mitgeteillen Ergebnisse und die im Handel be- 
kaimten Typen nicbt geabnt werden konnte, ,1a, es fragt sicb, ol) wir 
bier bei weiteren Unlersuchungen - nicbt eine Maiinigfaltigkeit an 
rypen finden werden, die derjenigen der 'restafarben gleicb- oder wenig- 
stens nabekommt. Damit können fiir Ph, viilgaris aucb mebrere neue 
(ienpaare festgestellt werden. 

Ober die Verleilung der bTirben auf der Sainenscbale von Ph. vul- 
garis im allgemeinen ist l)isber etwa folgendes bekannt. Die Testa 
kann entweder reinweiss, d. h. frei von Pigment, oder in verscbiedener 
Weise gefärbt sein. Die gefärbten Typen können je nacb der Ver- 
teilung der Farbe (oder der F^arben) in eine Anzabl gut gegeneinander 
abgegrenzte Gruppen eingeteilt werden, Zunäcbst können wir hier zwei 
Hauptgruppen unterscheiden, nämlich 1) gnnzjarbige und 2) teilfnrbige 
Typen. Bei den ganzfarbigen Typen sind eine oder mebrere Farben 
iiber die ganze Testa verbreitet oder verteilt, bei den teilfarbigen da- 

12 


Hendlta» XIX. 
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gegen ist stets ein gewisser, mehr oder weniger grosscr Teil der Testa 
reinweiss. 

Den teilfarbigen Typen sind also nicht jene zuzurechnen, bei denen 
die Testa auf reinweissem (irunde in irgendeiner Weise eine Marmorie- 
rung aufweist, die sich iiber die ganze Testa erstreckt, denn bei diesen 
Typen ist nicht ein gewisser Teil reinweiss sondern weisse und farbige 
Flecken bezieli ungs weise Slreifen sind iiber die ganze Testa zer- 
streut. 

1. (lanzfdrbige Typen. Diese können wiederuin in zwei Untergrup- 

pen eiugeteilt werden, 
nämlicli a) einfarbige 
und b) rnehrfarbigc 
Typen. 

a ) Einfnrbige Ty- 
pen. Hei dieseu zeigt 
die ganze Testa mit 
Ausnahme des Hi- 
liiinrandes und cven- 
tueller, in unmiltel- 
barer Nähe desselben 
vnrhandener Zeicli- 
nungen eine einheil- 
Jiche Färbung. Die 
Färbung des Hiluin- 
randes wird, soweit 
bisherige Untersuch- 
iingen (siehe Lamp- 
RECHT 1933, S. 250— 
252) gezeigt haben, durchweg durch einen pleiotropen Kffekt der die 
Farbe der Testa im iibrigen bedingenden (iene verursacht. Von den 
anschliesseud an den Hilumrand vorkommenden, In^grenzten Zeich- 
nungen seien hier folgende, von niir bisher genelisch untersuchte, an- 
gefuhrt: (^arunculaslricli, (lorona, Margo und Mikropylenstreifen (siehe 
Lamprecht 1932 b, 1933 und 1934 sowie Fig. 1 oben). Diese Zeich- 
nungen (Merkmale oder Abzeichen, wie man sie auch nennen kann) 
werden, wie in den eben zitierten Arbeiten nachgewiescn worden ist, 
durch besondere (ienpaare bcdingt. Die Ausbildung gewisser von ihnen 
ist jedoch von dem Vorhandensein gewisser Farbgene und damit Testa- 
farben bedingt, worauf bei der hier vorgenommenen Gruppierung in- 
dessen nicht Riicksicht genommen werden soll. Die Anzahl dieser Zeich- 



Kig, 1. Abluldung eirn^r Hohiie, verschiedenc Eleiiiente 
l)zw. Z(*ichiiuiig(Mi der Testa veraiischaulicliend. Hi _ 
Hiluni (Nabel), Ifir = Hilumrand, (ia — Caruiicula (Stro- 
pliiola, NabeJwar/e), (ias^ Cariinculastrich, Mi _Mikro- 
pyle, Ms Mikropylenstreifen, Co — (iorona. Die strirh- 
pnnktierte Linic deutcl die Lage eines Schnittes zur 
Uiitersuehung des (iaruneiilastriehes an, was liier ohne 
Belang ist. 
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nungen ist mil den vier oben angefiihrten sicherlieh nicht erscliöpft; ich 
kenne einige weitere, die gegenwärtig darauf luitersiiclit werden, ob 
und ev. in welchein Ausinasse sie modiiikativ oder erblich bedingt sind. 
Was oben in bezug auf das Auttreten von Hilumrand und der genann- 
teii Zeiclinuiigen fiir die eintarbigen Typen gesagt orden ist, hat — 
soweil bisher bekannt -- aueh fiir die lolgenden (’rrupj)eii von gan/- 
1‘arbigen bz\\. teilfarbigen Typen Giiltigkeit. 

b) Mehrjarbuie Typen. Bohneiisainen, bei denen eine ge w isse Zone 
der Testa eine Farb(\ der ul)rige Teil ein andere aufweist oder iiber- 
haiipl bei denen die Testa in niehrere Zonen mil 7W(‘i oder melir ver- 
schiedenen Farben eingeteilt ist, seheinen nicht l)ekannt zii sein. Bei 
den bekannten inehrrarhigen Typen seheinen die Farhen niir in d(‘r 
Form von Marmoriening, Bänderimg oder gleielisani fein verspril/t 
\or/ukommen. Bei (*iner I^inieiiiing der mehrtarbigen Typen in ver- 
sehiedene I ntergruppen kanii von zwei (iesiehtspunkten ausgegangen 
werden. IVils kann von der Anzahl vorliandt^ner Farben ausgegangen 
werden, also mil einer primaren Finteilung in 2-, u. s. vv. tarhigen 
Typen, leils kann primar eine lunleilung in (iruppen mit verschiedenen 
Zeiehnungslv p(‘n (Marmoriening etc.) staltiinden und erst sekundär 
eine Beriicksichtigung der An/ahl vorhandener Farhen erlolgen. Hier 
soll der lelztere Weg gewählt werden. Die mehrlar])igen Typen kön- 
nen hiernach primär eingeteilt werden in: 

1. Mdrmorierie Typen; 

11. (iebänderte (yesireifte) Typen; 

III. (iesprilzie i unyleichmässiy punktierte] Typen. 

Die nuirmorierlen Typen können des vveileren in zwei Serien ein- 
geteilt werden, die phänolypisch eine recht älmliehe Variation aut- 
weisen, aber durch eine ganz verschiedene genolyt)ische Konstitution 
bedingl werden. In der einen Serie wird die Marmoriening bedingt 
durch Heterozygolie im (ienpaar C e, in der anderen durch den Mar- 
morierungsfaklor M. Erstere be/eichne ich, da sie keine konstanten 
marmorierten Nachkomnien geben können als Helerozygotmarmorierte, 
(Cc), letztere im (iegensatz hierzu als Homozygotmarmorierte (MM). 
In Fig. 2 sind drei heterozygotmarmorierte Samen abgebildet. Fig. 3 
zeigt zw^ei homozygotmarmorierte Samen. Diese könnte man auch als 
konstantmarinorierl bezeichnen. 

Sowohl die hetero- wie die homozygotmarmorierten Samen zeigen 
in ihrer Zeichnting eine recht beträchtliche Variation und seheinen auf 
Grund dieser häufig nicht sicher voneinander unterschieden werden zu 
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kunnen. Wenn iiberhaupt ein Unterschied hervorgehoben werden soll, 
so wäre es der, dass die vom Hilmn abgekehrte Samenhälfte bei den 
Homozygotmarmorierten häufig eine inehr oder weniger grosse Anzahl 
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Fig 2. Drei Saiiu*n mit Hcterozygotmarmorierung Mattmiinzbronze/Veilchenartig 

Wciss. Hilumrand Bister. 


rliomboidische Felder in der helleren Grundfarbe aufweist, die bei den 
Heterozygotniarmorierten nicht oder wenigstens seltencr vorzukom- 
nien scheinen. Fiir die heterozygotmarinorierten Samen isi von mir 

(Lamprecht 1933) an 
einem grossen Material 
nachgewiesen wordeii, 
dass die dunkleren 
Flccken der Tesla stets 
der durch einen (ieno- 
typus mit CC bedingten 
Tcstafarbe entsprechen, 
die des helleren Grun- 
des einem im iibrigen 
gleichen Genotypus mit 
CC, Hier ist die Far- 




Fig 3. Zwei tiomo/ygolmarmorierte Saineii aus zwei 
vorschicdeiieii reinen Linien. Linker aus L. 47, Huish 
Beauty, redder aus L 72, Early Prolific. Nur die Far- 
benverteilung, nieht die Form, ist genau wicderge- 
geben 


ben\crteilung also in 
ilirer Abhängigkeit von 
der genotypischen Kon- 
stitution vollkommen 


bekanni. Wie die Farbenverteilung bei den homozygotmarmorierten 
Samen durch das Zusammenwirken von M mit den Farbgenen fiir die 
Testafarbe beeinflusst wird, daritber scheint bisher nichts sicheres be- 
kannt zu sein. Aus oben Angefiihrtem geht klar hervor, dass die Hetero- 
zygotmarmorierung nur zweifarbig auftreten kann. Die hoinozygot- 


PHASEOLUS VULGARIS, VIII 181 

marmorierten Typen sind diesbeziiglich kauni iinlersiicht. Soweit inir 
bekannt, kommen hauptsäcblich dreifarbige Kombinationen vor. Be- 
voi in dieser Hinsicht Untersuchungen vorliegcn crscheini es nicht aiis- 
geschlossen, dass die Dreifarbigkeit auf eine Kombination von M und S 
ziiruckzufuhren ist; wenigstens durfte dies fur solche Typen gelten bci 
denen die Zeicbnung in den verschicdenen arben wegen grosser Älm- 
lichkeit der letzteren scb^^er festgestellt werden kann. (jleichzeitig 
hetero- und homozygotmarinorierte Typen könncn diircli Kreiizuiigen 
synthetisiert werden. Solche sind häufig vierfarbig und geben — mit 
Hinblick auf die Konstitution Cc - niemals konstante Nachkommen. 

Der gebänderte Typiis ist in Fig. 4 durch 3 Samen wiedergegeben. 
Der linke Same entspricht meiner Linie 9 aus der Iran/ösischen Sorte 



Fig. 4 Drci gcbandorlc* (gcstroilte) SanuMi Linker ans Linn* 9, Sonsenir dt* Douil, 
dil* beiden re(*hb»n ans Lmie 145, »Dolichas /chra» (sifhe Text). 

Souvenir de Deuil, die beiden rechten Samen der Linie 143 aus > Dolichos 
Zebrm (siehe weiter unten). Dieser Typus, der mir niir ein- und zwei- 
farbig bekannt ist (einfarbig bei Bänderung auf weissem (irunde), wird 
dadurch charakterisiert, dass die Testa, seitlich belrachlet, aul hellerem 
(irunde eine, zwei oder inehrere Bänder (Streifen) in dunklerer Farbe 
aufweist, die fast stets l^nregelmässigkeiten zeigen und bald hier, bald 
da unterbrochen, zum Teil in kleinere Flecken aufgehist, bald mitein- 
ander mehr oder weniger verf lössen sind. Wie aus Fig. 4 ersichtlich 
ist, verlaufen diese Bänder stets ziemlich deutlich gekriinimt kon- 
zentrisch um das Hilum. Diesen Typus habe ich u. a. ihelirmals aus 
Botanischen Gärten unter der Bezeichnung Dolichos Zebra bzw. Pha- 
seolus Zebra Fingerh. erhalten. Es handelt sich aber sicher nur um 
eine Form von Phaseolus vulgaris, denn teils zeigt diese Form in ihren 
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morpliologischen Eigenschaften volle Ubereinstininiung mit Rasseii von 
P/l. vulgaris, teils kann sie mit diesen ohne weiteres gekreuzt werdeii 
und gibt hierbei fertile Nachkommeii. l)ic Vererbung des gebänderten 
Typus ist u. a. von K. Tjebbes und H. N. Kooiman (1919, 1921) unter- 
sucht worden, die tiir diesen ein (lenpaar S — s getunden haben. t)ber 
die Farbenverteilung auf Bänderung und (irund, wie sie durch das 
Zusammenwirken von S mit den Farbgenen lur die Testafarbe bedingt 
wird, scheint bisher nichts verdltentlicht /u sein. Durch Kreuzung 
können Kombinationen von Bänderung, Homo- und Heterozygotmar- 
morierung erludten werden. 

Den gespritzten Typus habe icli in der genetisclien Literatur von 
P/i. vulgaris noch Jiieht erwälint getunden. Im .lahre 1928 land ich als 
Beimengung in einer Partie Bohnen aus Ungarn drei Samen, die eine 
K(imhination dieses Typus mit dem gebänderten darslellten. Ks han- 



delte sich ottenhar um spontane Kreu- 
zungen. Leider haben die aus diesen 
Samen erhallenen P1 lan/en inlolge 
sehr später Heile hier in Seliweden 
keine keimlahigen Samen geg(‘ben 
Später habe ich Samen v om gesprit/- 
ten Typus unter der Be/eichnung Ph 


Fifi 5 i:.ii tvpisch fiispnt/Ui Saiiu' »Iropimcfntiis aus Botaiiischcn Gårlen 
Linu* Tia aus Phaseolus xttropuncUt erhallen. Es liaiidell sich hier, gleich- 
/us» (sielu* ie\i) obeii fiir p/l Zebra erwälint, um 


keine selbslandige Art sondern sicher nur um eine Form von Ph. viil- 
garis, da leils v olle tlbereinslimmung in be/ug aul die morpliologischen 
Eigensclialten herrsclit, teils bisher bei Kreuzung durchweg lerlile Nach- 
kommen erhallen wurdeii. Der Name Ph. atropunclatus konimt auch 
im Index Kewensis nichl vor und diirtte als (iartenbe/eichnung aul/u- 
lassen sein. Das Aussehen des gespritzten T>pus /eigt Fig. 5. Wie er- 
sichtlich /eigt die Testa aul hellem (irunde eine (irosslleckigkeit in elwas 
<lunklerer Farbe und iiberdies eine uber das (lan/e /erstreute dominie- 


reiide Punktierimg in dunkler Farbe. Let/tere beslehl aus Punktchen 
vei schiedener (iiosse und ist gleichsam uber die gan/e Testa verspiit/l. 

2. Teilfarbuje Tgpeii. Bei diesen Typen ist, wie Iriiher erwähnl, 
stets ein gewisser Teil der Testa reinweiss. Der gefärbte Teil der Testa 
hat seinen Ausgangspunkt stets vom Hilumrand. Samen bei denen die 
Umgebung des Ililums weiss, andere Teile aber gelärbt sind, scheint es 
nicht zu geben. Die larliigen Partien aut der Testa dieser Typen zeigen, 
abgesehen von kleineren V^ariationen in der Ausbreitung, stets eine sym- 
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melrische Anordnung zu beiden SeitiMi der Längsachse d(‘s Sanicns. 
Als Beispiel sind in Fig. (> drei Sameii vom .s6»//a/n.s--(=r satteltragend)- 
Typus abgebildet. Bei den beiden linken Sainen ist der tarbige Teil 
Bister, beim rechten 
Sainen dunkel Kas- 
tanienbraun. Diese 
drei Sainen zeigen 
ungelahr die Varia- 
tion dieses Tvpus. 

Zin\ eilen kommen 
nocb ein oder 7v^el 
kleinere runde Flek- 

ken ausserhalb dei Dni SanuMi s(//r//Ms T\pus Lmu* 10 ir» 

Figur M)r. In be/ug im<l 40 so\Mt ausf^ospalten Hl (lt‘i Ki (*u/uii}»i ii Ni 27 
aul* weitere Typ(‘n 

\erweise ich aiii den spaleren 1Vil der Arlieit. Bislier sind inir ungetalir 
25 eiblieh verscbiedtMie I n pen von Teillarbigen bekänn l, von denen 
unten eine An/alil beselirieben werden soll. Die Bezeichniing der Tv pen 
wird stets mil lateiniscben Namen erlolgen, die aul die Form der 
iarbigen Figur aul der Testa Bezug nehmen, Die weitere Finteilung 
der verschiedenen Tv pen von Teillarbigen in l ntergruppen kann in 
vollkommener Fbereinstimmung mit jener erlolgen, die iin Vorstehen- 
den lur die erste llauptgruppe, die (lan/larbigen mitgeleilt vvorden ist 
vveshalb es genugen clurlte aul diese bin/uvveisen. 

HISTORIK^ 

Im .lalire 1931 hat H. N. Koolman eine Monographie uber die 
(lenetik von Phaseoliis v eiotlentlicbt, vveshalb es vielleicht uberlliissig 
erscheinen könnle, hier (‘ine Cbersicht iiber bisherige Resultale zu 
geben. Da indesseii die genannte Monographie in inehrercm Hinsichtcm 
sehr knapp und zimi Teil iinvollständig abgelasst ist sovvie tur mehrer(» 
Falie eine kritische Diskussion der erhallenen Resultale lehll erseheint 
dies unerlässlich. Die unten mitgeteilten \A’erte tur die theoretische 
Krvvartung sovvie lur Dm sind voin Vertasser berechnet. 

Die erste Mitleilung iiber die Vererbung der Teillarbigkeit der Testa 
tinden wir in einer Arbeit von k]MERwSON (1902I. In du'ser wird eine 
Anzahl von Kreuzungsresultaten ohne Angabe von Spaltungs/ahleii 
ganz allgemein besprochen. In einer Kreuzung zwischen einer teil- 
farbigen Sorle, (iolden \Va\, uiul einer gan/larbigen, Mohavvk, die 
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durch 5 Generationen studiert worden ist, konnte Emerson zunächst 
feststeilen, dass die Samen der jFj-Cieneratioii ^anzfarbig waren. In der 
zweiten Generation trat eine Spaltung in ganzfarbige nnd leilfarbige 
Samen ein, und in den folgenden Generationen (siehe Emerson, Pl. II ) 
gaben die teilfarbigen Samen stcts nur wiederum teilfarbige Nachkom- 
men. In Fi von zwei weiteren Kreuzungen, Keeney X Davis und 
C^hallenge Black X Wardwell (1. c. S. 40 — 41 und Pl. Ill), hatte Emerson 
gleichfalls vollkommene Doniinanz von Ganzfarbigkeit iiber Teilfarbig- 
keit feststellen können. Erwähnt sei, dass in dem einen von diesen zwei 
Fjällen eine reinweisse Rasse, Davis, mit einer teilfarbigen, Keeney, ge- 
kreuzt worden ist, und auch hier sind die Samen der Fi -Generation 
ganzfarbig gcwesen. Daraus kann geschlossen werden, dass in diesem 
Falle der El ter mit reinwcisser Testa Trä ger der genotypischen Kon- 
stitution fiir (ianzfarbigkeit gewesen ist. 

In einer späteren Arbeit berichtel Emerson (1909) iiber analoge 
Krcuzungsergcbnisse und veröffentlicht niin auch Spaltungszahlen. 
Auch hier wurden nach Kreuzung von ganzfarbigen mil teilfarbigen 
Rassen in Fj slets nur ganzfarbige Samen erhållen. In Fo von drei 
Kreuzungen wurde zusanimen erhalten: 64 ganzfarbige : 30 teilfarbige 
und in F» von spaltenden ganzfarbigen Familien derselben Kreuzungen: 
72 ganzfarbige : 25 teilfarbige. Bei Annahmc einer monohybriden 
Spaltung wird im ersten Falle fiir D/m erhalten im zweiten 0,is. 
Erwähnt sei, dass die Aiizahl der Individuen fiir die einzelnen Kreu- 
zungen zu klein ist um eine monohybride Spaltung sicher anzuzeigen; 
sie machen eine solche jedoch wahrscheinlich. t) ber die Verbreitung 
der Farbe bei den teilfarbigen Rassen wird nichls näheres mitgeteilt. 
Emerson (1. c. S. 71) erwähnt nur, dass »Ihe pigmenl iisually appears 
around the »eye» of the seed, leaving the »back» wilhoul pigment. The 
pigmenled area in »eyed» beans varies greatly in extent in different 
races and sonietimes considerably within a race». 

Emerson (1909) teilt hier auch mit, dass in 7 Kreuzungen zwischen 
weisssamigen und teilfarbigen Rassen Fi stets ganzfarbige Samen ge- 
zeigt hal. F. spaltet in Pflanzen mit ganzfarbigen, teilfarbigen und 
reinweissen Samen. In F^ u. s. w. haben die geäuglen Familien nie 
mehr ganzfarbige Nachkommen gegeben. Wohl aber haben gewisse 
eine Spaltung in Pflanzen mit geäugten und reinweissen Samen gezeigt. 
Emerson erwähnt, dass in F:^ nach 7 Pflanzen das Spaltungsverhältnis 
34 geäugte : 12 weisse erhalten worden ist. Andere geäugte gaben nur 
geäugte Nachkommen. Ganzfarbige gaben leils nur ganzfarbige, teils 
spalteten sie in ganzfarbige, geäugte und weisse. teils in ganzfarbige und 
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weisse iincl teils in ganzfurhige uml geäugle. Weisssainige Individuen 
liaben immer nur weisssainige Nachkominen gegeben. 

Anschlicsseiid liieran besprichl Emerson die wahrscheinliclie geno- 
typisclie Grundlage fiir diese Spaltung, wobei er fiir (ianzfarbigkeit — 
Teilfarbigkeit das Genpaar T — / aulstellt. Zusaininen mit dem Grund- 
gen fiir die Ausbildimg von l^estafarlie P ergeben sicli folgende Kom- 
binationen : 

P T — (ianzfarbig, 

P t — Teilfarbig, 

pT - Heinw^eiss (“ oline Pigment) mil Anlage zu (ianzfarbigkeit 
und 

p t — Reinweiss mil Anlage zu Teilfarbigkeit. 

Angesichts dieser vier möglicheii Kom))inationen sagt Emerson vor- 
aus, dass in F. hzw. von Kreiizungeii Reinweiss ip) X Teilfarbig 
Linien ausspalten solien. denen die Konstitution pi ziikommt. Dies hal 
Emerson in einer späteren Arbeil (1911) nachweisen könncn, indem 
er nach Kreuzung vcrscluedener weisssamiger ErFamilien mit Teil- 
farbigen in gewissen l"ällen F, -Individuen mil teilfarbigen Samen er- 
halten hat. 

In seiner Arheit von 1909 diskutiert Emerson ferner die Möglich- 
keit, dass ausser den heiden oben angefiihrteii (ieiipaaren P— p und 
'f —t noch ein drittes, E— e (von eyed ), Hedingung fiir die Ausbildung 
von teilfar})igen Typen sein könnte, olme jedoch — wie er selhst hetonl 
— ' liber Kreuzungsresullate zu vertiigen. die dies bestätigen. Unter den 
vier möglichen Kombinationen mil P fasst Emerson Pte als weissamig 
auf! Danach sollte also eine bifaktorielle Spallung nach folgendem 
Schema möglich sein: 9 P77i, (ianzfarbig : 3 P7V, Ganzfarbig : 3 P/fi. 
Teilfarbig : 1 Pte. Reinweiss. Es soll dies hier besonders liervorgehoben 
werden, da wir weiter unten Anlass haben werden darauf zuruckzu- 
kommen. Ferner erwähnt Emerson die Möglichkeit, dass die ver- 
schiedenen Typen von Teilfarbigkeit mit ungleicher Ausbreitung der 
Farbe durch besonderc Fakloren, z. B. E\ F", etc. bedingl sein könn- 
ten. Irgendeine Beschreibung oder Abbildung der nntersuchten Typen 
von Teilfarbigen teilt Emerson nicht mit. 

E. V. Tschkrmak (1912) widmete der Vererbiing der ' Äugung» an 
Rassen von PTi. vuhjarLs eine Untersucliung, in der er einleitend hervor- 
hebt, dass die verschiedenen Formen von Verteilung des Pigmentes 
eine weitgehende Selbständigkeit in der Vererbung besitzen durften. 
Tschermak fiihrte drei Kreuzungen mit derselben teilfarbigen Rasse, 
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»Runde geäugte» aus, die er folgendermassen (1. c. Fussnote S. 197) 
charakterisiert : »Die Pigment ierung betrifft die den Nabel ein- 
schliessende Längs- oder Bauchhälfte der Samenschale als konlinuier- 
liches scharf abgegrenzles sog. Pigmenlauge, welches von dem Stro- 
pliiolum weiter liinauf gegen die Riickenkante reicht als in der anderen 
Querhällte, welche die Mikropyle bzw. Radikula enlhält». Auf Grund 
dieser Besclireibung imd der von E. v. Tschermak 1. c. S. 208 wieder- 
g(»gebenen Seitenansiclit eines solclien Samens zu urteilen, handelt es 
sicli hier sehr wahrsclieinlicli uin den vorstehend in Fig. (> abgebildeten 
.se//ofUÄ-Typus. 

Seine ieiltarhige Rasse kreuzte E. v. Tschermak mit zwei weiss- 
samigeii Rassen, 1) Weisst* \\'achs 11 und 2J Weisse Ilsenburger sowie 
mit einer ganziarbigen, nämlich 3) Lange rotvioleltc Flageolet. Fj ergab 
in alleii drei Kreuzungen ganziarbige Samen. hz\\\ F, und F, bal)en 
in diesen drei Kreuzungen folgende Spaltungen crgeben: 

Kreuzung 1) F^ : 47 (lanzlarbige : 10 Teilfarbige : 27 Reinweisse 
D/m fiir 

9:;i:4 - 0 ,(m, 1,(.i 1/>i 

Kreuzung 2) F, : 19 (iaiizlarbige : 1 IViltarbige; D/m fiir .‘1 : 1 2,in> 

F.. -f F, : 18:i > : 57 ; D/m fiir 3:1= O.r, 

Kreuzung 3) F. : 2() (ianzfarbige : 12 Teilfarbige : 13 Reinweisse 
D/m fiir 

9:3:4= Ojh 0 ,h8 0,(w 

Diese Spaltungen sleben offenbar in voller Fbereinslimmung mit den 
scbon von Emerson gefundenen Resultalen, nämlich einer Spaltung 
nach 3 7:1/ (Kreuzung 2) beziehungsweise kombinierl mil gleich- 
zeitiger Spaltung in F- p (Kreuzung 1 und 3), E. v. Tschermak igno- 
riert die von Emerson (1909) eingefuhrte (ienenbezeichmmg T — t fiir 
(ianz- bzw. Teilfarbigkeit und verwendel hierfiir anstatt desseu — z^. 
Auch an Stelle von P — p (eingefiihrl von Shull 1907) benutzl 
E. v. Tschermak eim» andere Bezeichmmg, nämlich A — a. 

Ausser den oben angefiihrlen Spaltungen konslatierte E. v. Tscher- 
mak eine Aiisspallung von drei verschiedenen Ty])en Teilfarbigen. Diese 
drei Typen sind von E. v. Tschermak leider nur in skizzeiimässigen 
Seitenansichten wiedergegeben, weshalb eine Identifikation des Typus 
Jiiil geringer Farbenausbrcitung um den Ililumrand nicht sicher er- 
scheint. Sehr wahrscheinlich handelt es sich indesscn um die drei 
Typen selldtus, >Piebald > (laut SuRFACE 1916) und virgarcus, namenl- 
lich da analoge Spaltungen später von Surface (1916) und Sax & 
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McPhee (1923) lestf^estelll worden sind. Der Piebald Typus ist hier 
in Fig. 7, der virgfirciis-Typus in Fig. 8 wiedergegeben. Fur die Spal- 
tung mit HinsicJit aiit die drei teiltarbigen Typen hat F. v. Tscjiermak 
lolgende Zalden erliallen: 


Kreu/ung 1 (F, -f F ) : 13 

. 2 (/m ■+ FJ • 11 

> 3 (F,) :12 


scllatus : 1 7 

Piebald . 1 1 idrgarcus 

:2() 

: 12 

20 

10 > 


Zusainmen* 

Frwarlel: 

D/m tur 1:2:1 ~ 


3r) scllatus : 84 Picbdld : 33 virgarcus 
33,2 1 : > : 33,21 » 

0,». 0,‘2(> 0,01 


Wie ersichllieh stimmen die Hesultate in allen drei Kreu/ungen recht 


gut miteinander uberein, weshalb ich es gewagt habe sie /u \ereinigen. 


F V.Ts( HERM AK macill 
tur diese, ()tl(*nl)ar mo- 
nnhvbride Spaltung ein 
(lenpaar Z.- r_ ^er- 
anlwortlieh leh be- 
halle diese Itezeich- 
nung bei aber, da Zi 
mil T identisch ist, 
ohne die lnde\/ahl 
( Ibenstehende Spaltung 
wäre demnach /u 
sclireiben \ tt ZZ . 



I ij» 7 I)ui Sann n \oiii Pn hnid T}in\s (laul M 
Si HJ \( I ) aiisgt spalt(M) 111 /.* \()n Ki(*u/iinj{ Si 27 
II 11(1 34 


2//Zr 1 // rr. 

Kajanlis ( 1914)er- 
walml unier anderen 
Kreu/ungsresultaten 
(Punkt 13) die Aut- 
spaltung eines sponta- 
nen Baslard<‘s mit dei 
Sorte Métis (teillarbig), 
nämlich: 32 ( ian/1 ar- 
big : 10 verschieden 
Teiltarliig. Diese Spal- 
tuiig kann otfenbar 
nur als BeSlätigung der 
von Fmerson und E. 



Fip 8 l)i(*i SaiiK^n >oiii virqarcits Tvpus, den lieiden 
Limen Ni 3G aus Fla^eulet Vicloiia, und Ni a7 aus 
Gold I egen eiitspieeliend Man b('achte den slaik aus 
geluldetcii StieifcMi, dei iiher das Mikiopj lenende des 
Saniens lunabieieht 
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V. Tschermak gefundenen Spaltung im Genpaar T — t aufgefasst 
werden. 

Eine gute Vorstellung von der Variation des sellutus- und virgarcus- 
Typus bekonimt man in einer von R. Pearl and F. M. Surface 1915 
veröffentlichten Arbeit, in der diese Verfasser die Konsta nz bzw. Varia- 
tion der Teilfarbigkeit bei den beiden Sorten l mproved Yellow Eye und 
Old Fashioned Yellow Eye studieren. Erstere Sorte gehört dem sellatus- 
Typus, Ictztere dem virgarcus-Typus an. L. c. sind in Fig. 40 32 Samen 
des ersteren, in Fig. 42 114 Samen des letzteren Typus abgebildet. Die 
dort wiedergegcbene \’ariation stimmt gut mit der von mir an diesen 
l)eiden Typen gefundenen iiberein. 

Kurz darauf berichtet F. M. Surface (1916) liber die Spaltungs- 
ergebnisse nach Kreuzung dtT eben angefiihrten beiden Rassen. In der 
Fi-(ieneration wurden insgesamt 15 Pflanzen erhalten, die durchweg 
Samen vom >^Piebald» -Typus (Fig. 7) trugen. Die Bezeichnung >Pie- 
bald» stamnit von Surface, der 1. c. sagt: »In the notes tliese Fi beans 
have been designaled »Piebald» because of the verv irregular spotted 
pattern». In der zweiten Generation spalteten die Nachkomnien in 
gleicher Weise wie E. v. Tschermak in seinen drei Kreiizungcn konsta- 
tiert hat, nämlich nach dem Schema: 1 sellatus : 2 Piebald : 1 virgarcus. 
Hier ist es jedoch vollkominen sicher, dass cs sicli um den virgarcus- 
Typus handelt, da Surface klare Abbildungen der drei in Frage stehen- 
den Typen veröffeiitlicht. Fur diese Spaltung findel Surface in F,., F. 
und spälereii Generationen insgesamt folgende Zahlen: 

(iefunden: 53 sellatiis : 146 Piebald : 70 virgarcus 

p]rwartet: 67, ‘r> » : 134,:»» » : 67,2r> » 

D/m fur 1:2:1= 2,ni l,io 0,39 

In Gbereinstimniiing mit dieser monohybriden Spaltung nach dem 
Zea-Typus und mil schon von E. v. Tschermak (1912) gefundenem 
konstatiert Surface, dass der Piebald-Typus eine lleterozygotform dar- 
stellt, die stets weilerspaltel. Wie ersichtiich wurden vom sellatiis- 
Typus etwas weniger Individuen als erwartet erhalten, (iestiilzt hierauf 
niacht Surface die Annahme, dass die hier vorliegende Spaltung dem 
Verhältnis 3 sellatus : H Piebald : ^ virgarcus entspräche, welches Ver- 
hältnis durcli die gleiclizeitige Spaltung eines Lelalfaklors bedingt wer- 
den sollte, dessen Wirkung nur bei doppelthomozygoter Dosis und nur 
beim sellatus-Typm sicli manifestieren solltel Es durfle wohl ohne 
weiteres selbstverständlich erscheinen, dass eine solche Annahme ohne 
weiterc Beweisc als unbercchtigt zuriickzuweisen ist. Denn trotz eines 
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gewissen Mangels an Äf7/a^Ms-Individuen sind die erhalteiien vSpaltungs- 
zahlen doch forlwälirend fiir die monohybride Zea-Spaltung als signi- 
fikativ aufzufassen. Scliliesslich sei erwähnt, dass Surface fur die in 
Rede stehende Spaltung ein (lenpaar / — i verantwortlicb inachl, das also 
laut Vorstehendeni mit Z -z zu identifizieren ist. 

Shaw and Norton (1918) bericbten iiber die Spaltungsergebnisse 
in einer Reihe von Kreuzungen zwischen geäuglen und ganzfarbigen 
bzw. reinweissen Typen. In 17 Kreiizungen zwischen ganzfarbigen 
und geäuglen Typen faiiden sie in Fo und weiteren (ienerationen durcli- 
weg Spaltung nach dem Verhältnis 3 Ganzfarbig : 1 Teilfarbig. Zwi- 
schen geäugten und reinweissen Kassen wurden (> Kreiizungen ausge- 
fuhrt. die in Fj und weiteren (ienerationen das Spaltungsverlmltnis 
9 (ianzfarbig : 3 Teilfarbig : 4 Reinweiss aufwiesen. Diese Ergebnisse 
iiilden eine Reslätigung der schon von Emerson gefundenen Resultate, 
nämlicli Spaltung in den beiden (ienpaaren T — / und F~ p. Shaw and 
Norton haben auch eine Spaltung in Typen mit verschieden grosser 
Äugung gefunden und machen hierfiir zwei weitere (ienpaare R — r und 
N s verantworllich. 13a sie hierfiir aber \veder Zahleii noch anderes 
Tatsachenmaterial veröffentlichen, kann hieraut im weiteren nicht 
Rucksichl genommen werden. 

K, Sax (1923) veröffenllichte die lolgenden Resultate von drei Kreu- 
/ungen /wischen teilfarbigen und reinweissen Bohnenrassen. Kreu- 
zung 1): Improved Yellow Eve 1310, also .v(7/a/f/.v-Typus X Reinweiss 
1333, F,: 


(lel linden: 201 

Erwartet: 190,:u 

I) m liir 9 * 3 : 4 ~ 0,'.o 


(ianziarbig : 08 Teillarbig : 80 
» : 05,11 / : 87,2". 

0, r» 0,90 


Reinweiss 

» 


Diese Kreuzung biidet 
also eine Bestätigung 
des schon friiher von 
mehreren Forschern 
konstatierten Spal- 
tungstypus 9 PT : 3 pT 
: 4 p(T + t). Kreu- 
zung 2) wurde ausge- 
fiihrt zwischen einer 
teilfarbigen Rassc, l)ot 
Eyo, und Reinweiss 
1228. Die teilfarbige 


* t 1 


i 



Fig. 9. Drei Sainen vom hipunctntn-'] y\nis - Linio 
sovvic ausgespalliMi in Fs dor l\n*u/ung Nr ',V2 
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Rasse charakterisiert Sax folgendermassen: »The Dol Eye has only a 
very small pigmented area at either end of the liilum». Auf Grund dieser 
Beschreibung zu schliessen handelte es sich hier um die von mir als 
bipunctata-Typu& bezeichnete Teilfarbigkeit. In Fig. 9 sind drei Samen 
dieses Typus abgebildet, die annähernd die Variation desselben ange- 
ben. Sax teilt keiiie Abbildiingen mit. Seine Kreiizung 2) hat in Fj 
folgendes ergeben: 

Gefunden: 194 Ganzfarbig : 28 Teilfarbig : 07 Reinweiss 

Erwartet: 208, 20 > : 13,ö5 » : 72,25 » 

D/m fur 

45 : 3 : 10 = l,i8 4,01 (),7i » 

Wie ersichllich sind liier zuviele Teilfarbige erhalten wonien. Trolz- 
dem diirfte es sich hier uiii eine Spaltung nach dem Verhällnisse 
45 : 3 : 16 handeln, iianientlich da Sax in seiner Kreuzung 3) eine ana- 
loge Spaltung mit guter Dbereinstimmung der Zahlen mit den erwar- 
teten erhalten hal. Vielleicht ist in Kreuzung 2) der Dberschuss an Teil- 
farbigen auf eine Koppelung zurilckzufiihren. Sax’ Kreuzung 3) wurde 
ausgefuhrt zwischen Improved Yellow Eye 1317, also ,ve//rdii.s-Typus, 
und Reinweiss 1228 und hat in F^ folgende Spaltung ergeben: 

Gefunden: 126 Ganzfarbig : 12 Teilfarbig : 41 Reinweiss 

Erwartet: 125,86 » : 8,39 » -.44,75 > 

D/m fiir 

45 : 3 : 16 = O,02 1 ,28 (),()5 

Die l^>gebnisse der beiden letzten Kreuzungen lassen i‘s sicher er- 
scheinen, dass die Teilfarbigkeit iiberhaupl nur bei Rezessivilät in zwei 
Fakloren auftritt. Als Bezeichnung fiir das zweite hierfilr verantwort- 
liche Genpaar, also ausser T — t, können die von Emerson (1909) fiir 
eiii von ihm vermutetes solches Genpaar verwendeten Buchstaben E — c 
akzeplierl werden. Cber eine eventuelle Aufspaltung in verschiedene 
Typen von Teilfarbigkeit erwähnt Sax leider niclits, und Abbildiingen 
fehlen. 

Im gleichen Jahre (1923) erschien eine Arbeit von K. Sax und 
McPhee, die iiber zwei Kreuzungen mit Teilfarbigen berichtet. Die 
eine Kreuzung ist offenbar identisch mit der friiher von F. M. Surface 
(1916) ausgefiihrten, nämlich: Improved Yellow Eye (sellatus-Typns) X 
Old Fashioned Yellow Eye (uirgarcu.*?-T3"pus). Fi zeigtc den dort er- 
wähnten Piebald-Typus, der auch hier in Fn und folgendcn (leneratio- 
nen im Verhältnisse 1 sellatus : 2 Piebald : 1 virgarciiH spaltete. Ins- 
gesamt resultierten folgende Zahlen: 
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(iefunden: »186 scUftius : 805 Piebald : 402 virgarciis 

Erwartel: .‘198,25 > : 796,5(i : .‘198,25 

D/m fiir 1:2:1= 0,7i 0,i5 0,22 


In bezuj4 aiif die tcilfarbigeii Typen bestelii liier nicht der j^erini^ste 
Zweifel, da die Arbeit ein f^utes Bild (Fi^. 8) mit den Fllern-, F,- mid Fr 
Samcn enthält. l^ine zweile von K. Sax u. McPhek erwäbnte Kreiizunj;. 
ausgefubrt zwisrben linproved Yellow I*]ye iind Wbitt* l»‘l.‘l.‘l spaltete in 
Fa dem Verbällnis 9 (lanzfarln^ : 8 Teill‘arl)i{4 : 4 Heinweiss entspn^- 
chend. Es werden keine Zahlen initf^eteilt. Die reiirar})if:^en spalteten 
in elwa 5 4'ypen. l-ine I>rkläriinj» erschien auf (irnnd des j^erinj^en 
Materials uninöijlich. 

K. Miyakk, Y. Imai and K. Tabuchi (19.‘10) verötfentlichten die 



Er^^ebnisse m(4ir(‘rer 
Kreuzunj^en mit Teib 
farbif^en. Diese Ver- 
iasser er\vähn(*n zii> 
erst, dass Pi(*l)ald {4(‘- 
gennb(‘r (ian/larbig 
einfacli rezessiv isl. 

Die Bezeielinung Pie- 
bald ist hier niif^luck- 
lich f^ewählt, denn ihr 
Piebald»Typus hat gar 
nichls mit dem gleieli- 

namigen imd niir heterozygot vorkommenden ryiins von V 
K. Sax und McPuke zu Inn. Fr entspricht am ehesten dem Tvpus der 
bekannlen Sorle Mélis, den ich als mnyor-Typus bezeielmen will. 
Fig. 10 zeigt drei Samen desselben. Bei Kreuziing dieses Typus mit 
(ianzfarbig war F, (lanzlarliig und F^ spaltete in 8 (lanztarbig : 1 mn/or, 
also 3 r ; 1 / enlspreehend. 

Fine zweite Kreiizung liihrten sie aiis zwischen einem von ihren 
»Piebald» -Typen und einem anderen l\ypus mit geringerer Aiisbreitung 
der Farbe, den sie als »saddle» bczeichnen. Fi zeigle einen > Piebald»- 
Typus mit grösserer Ausbreituiig der Farl)e als ilir PiebahP -Fltern- 
typiis. Fiir die Aufspaltung in der zweilen (leneration teilen sie folgende 
Zahlen mit: 


t)ii‘i Saincii \<>ni /?ifiyor-'rv|>iis Linic 0, dor 
l\lU'r <U‘r hcidfii Kreii/iinf»i*n Nr, 2.5 und 


M. Surfac E, 


Gefunden: 261 >Bald» : 56 >Saddle^^ : 21 »Eye>' 

Erwartel: 25.‘1,.5 » : 63,37 » : 21,13 » 

D/in fur 12:3:1— o , ju 1,03 0,03 
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Fig It. Drei Samen vom niinor-Typus; aus Linie 65, 
Beurre iiain Rapide und Linie 106 aus oiner spontanen 
Kreu7ung sowie ausgespalten in Fj \on Kreuzung Nr. 25 


Miyake, Imai and Tabuchi bilden Samen der in ausspaltenden 
Typen ab, und zwar vier, die die Variation ihrer »Piebald» -Typen an- 
geben, einen » Saddle » - 
Typus und 2 Varian- 
ten ihres »Eye» -Ty- 
pus. Die vier abge- 
bildeten » Piebald » - 
Typen gehören wahr- 
scheinlich drei, aber 
wenigslens zwei ver- 
schiedenen erblichen 
Typen an. Leider lässt 
sich nichts sicheres 
hieritbcr aussagen, da 
diese Forscher nichts 
uber die Frequenz der 
vier abgebildeten Va- 
rianten mitteilen. Ihre 
Bilder umfassen eine 
Variation, die der Ge- 
samtvariation meiner 
drei Typen major, mi- 
nor und minimus ent- 
spricht, die hier in 
den Figuren 10. 11 
und 12 wiedergegebcn 
sind. Ich habe Linien 
dieser drei Typen seit 
Jahren gebaut und 
ihre volle Konstanz 
in erblicher Hinsicht 
und damit Abgren- 
7 ung gegeneinander 
feststellen können. 
Aus den drei erwähn- 
ten Figuren geht je- 
doch auch hervor, 
dass jeder dieser Ty- 
pen eine Variationsbreite in der Ausbreitung der Farbe bzw. des weissen 
Teiles aufweist, die in das Gebiet der Variation des nächsten Typus iiber- 



Fig 12 Drei Saiuen vom mimmus~Ty\ms -Linie 63, 
sowie ausgespalteii in Fa ^on Kreuzung 27 und 34 




Fig 13. Drei Samen vom seUntoidcs-Typm, ausge- 
spalten in Fa von Kreuzung Nr. 25, 27 und 34. 
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Fig 14. 


Drei Samen vom firr» s-Typus, aiisgespalten in 
F ‘2 der Kieuzuiig Nr. 3.1 


greift. Daraus folgt, dass bei gleiclizeitiger Ausspaltung dieser drei 
Typen in einer Krevizung eine sicherc Trennung derselben nur auf 
Grund von statisiischer Bearbeitung mit Hinsicht auf den (irad der Aus- 
breitung der Farbe mtiglicli sein wird. 

Der zweite von Miyake, Imai and Tabuchi abgebiidete Typus 
»Saddle» ist nicht mit ^ 

dem aus Surfaces 1 

Piebald-Typus aus- 

spaltenden sellatus- i 

Typus (satleltragend) ' 1 ^ W | li JW 

identisch, sondern ^ 

stiinmt, auf (iriind 

der Figur zu urteilen, 

am cheslen mit mei- 

nem sellatoides- Vypus 

ubereinIsieliePlö. 13) ^ Samen vom firrns-Typus, aiisgespalten in 

”* ^ ' Fs der Kieuzuiig Nr. 33 

Scliliesslich fin- 

den wir 1. c. zwei Varianten des »Fye»-Typus abgcbildet, die gleichfalls 
siclier erblich verschieden sein diirften. Der linke Same entsprichl 
mit ziemlicIuT Wahrscheinlichkeit meinem arez/.v-Typus, so benannt auf 
(irund des stets mehr oder weniger deutlichen Bogens (arru.s) aussen 
iim den Ililumrand, 

wenngleich sich dies 1 A A 

auf Grund eines ein- A 

zigen Samenbildcs — 

also ganz ohne Kennt- ^ | A i 

nis von Variation — \0 

nicht sicher feststel- 

len lässt (siehe rneine 

Fig. 14). Der zweite 

i. c. als »t^ye» -Typus 

abgebiidete Same ent- Samen N«m /«e,n,«fn-Typus, ansgespaltcn 

” in /’2 d(*r Krcuzung Nr. 3.1. 

spriclit wohl sicher 

meinem laciniata-Typus, so benannt auf Grund des von der (^aruncula 
ausgehenden farbigen Zipfels (/aciniofa = zipfelig). Dieser ist hier in 
Fig. 15 abgebildet. 

Mit Hinsicht auf das Angefuhrte diirfte es zweifellos erscheinen, 
dass in der in Rede stehenden Kreuzung nicht nur zwei sondern wenig- 
stens drei Genpaare fiir Teilfarbigkeit an der Spaltung beteiligt sind. 
Ferner diirfte aus den Resultaten geschlossen werden können, dass 


Fig 15 


Drei Samen \om Utciniata-Typiis, ansgespaitcn 
in Fs eter Kreuzung Nr. 33. 


Heredita» XIX. 
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wenigstens einer der drei Typen minimus ^ minor und major uber die 
Typen sellatoides, arcus und laciniata oder je eine derselben domi- 
nant ist. 

In einer dritten Kreuzung, ausgefuhrt zwischen ihrem »Piebald»- 
Typus und einer ganzfarbigen marmorierten Rasse, fanden sie gleich- 
falls eine Spaltung in die ohen erwähnten drei Typen, aber nun in eineni 
anderen Verhällnis, nämlich: 

Gefunden: 870 Gaiizfarbig : 69 >'Piebald» : 22 »wSaddle» ; 31 »Eye». 

Erwartet: 369,o » : 69,19 » : 23 , (k> » : 30,75 » 

D/m fur 

48 : 9 : 3 : 4 — 0,io 0,o2 0,23 0,23 


Das Vcrbältnis Ganzfarbige : Teilfarbige belrägt 370 7 :122f, ist also 
klar iiionohybrid mit D m = 0,io. Die Spaltung der Teilfarbigen scbeint 
dem Verhältnis 9:3:4 zu entsprecben, kann jedoch inangels näherer 
Aiigabeii uber das Ausseben der 7'ypen nicht diskiitiert werden. Sowohl 
die (ianz- wie die Teilfarbigen spalteten iiberdies in Einfarbige und 
Homozygotmarinorierle. Hierfiir wurden folgende Zahlen erhållen: 


Gefunden: 266 : 90 

Marmoriert Einfarbig Marmoriert 

Ervvarlot: 276, 70 » : 92,25 » : 92,25 * 

D/m fur 

9:3:3:1= 0,97 1,36 0,26 


Teilfarbig 
Einfarbig 
30,75 » 

0,23 


Hieraus kann geschlossen werdeu, dass die beiden Genpaare M — m und 
T — t (bzw. E — e) unabhängig voneinander vererbl werden. 

Eine vierte Kreuzung haben Miyake, Imai and Tabuchi ausgefiihrt 



Fig. 16. Ein Same von Speckled-Typus laul M. Miyakk, 
Y. iMAi und K. Tabuchi (1930) Plate II, Fig. 26. 


zwischen einem bis- 
her ansclieinend nir- 
gends erwähnten Ty- 
pus vonTeilfarbigkeit, 
den sie » Speckled » 
nennen, und einem 
einfachen, marmorier- 
len » Piebald » -T ypiis. 
Ihren » Speckled »-Ty- 
pus gebe ich in Fig. 
16 wieder. Wie diese 


zeigt, hat dieser Typus sowohl die Grossfleckigkeit des SuRFACEschen 
Piebald-Typus (aber andere Ausbreitung des farbigen Teils) sowie uber- 
dies iiber den weissen Teil der Testa zerstreute Punktchen oder Tup- 
felchen. Der von den genannten Verfassern verwendete zweite Elter 
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wird 1. c. in Fig. IB, Plate II wiedergegeben, und entspriciit nacli diesor 
zu urteiien dem major- Vypus. h\ zeigte den »Speckled»-Typus uiid 
spallete im Verhältnis 244 Speckled : 85 einfach Piebald, also otTenbar 
iiu monohybriden Verhältnis 8 : l. D/m wird hierfur Hervor- 

gelioben zu werden v(‘rdient, dass hier bei dem > Speckled -Typus die 
(irossfleckigkeit anscheinend als konstante, homozygole Kigenschalt 
aufzutreten scheint, wälirend sie beim SuRFACEsclien Piebald-Typus nur 
iiir die lleterozy goten charakteristiscli gevveseii isl. Hier werden weitere 
Uutersuclumgen Klarheit schatren mussen. 

Kine l*unri(‘ Kreiizung schliesslich wiirdt» ausgeliilirt zwisclKMi (ianz- 
farbig Finlarbig und Teillarbig- Einlarbig ( Piebald ). Fi war hier 
(ianzfarbig — Marmorierl, Fm sjialtete wie folgt: 


M (lanzfarbig Ganzlarhig . leilfarbig . „ Iciliarbig 

Gefunden : .)8 .. . ^:64 8 

Marmoriert hinfarl>ig Marmoriert hiniarbig 


Krwartcl: 

57,38 * 

57,38 » 

19,12 

19,12 

I)/ni fiir 





6:6:2:2- 

0,10 

1,11 

0,95 

2,72 

Hier liegl 

offenbar eine 

Spaltung in J 

r—t und C- 

-c vor, wobei die mar- 


morierten Typen diirch (Jc bedingl werden, demnach heterozygotmar* 
moriert sind. Die Spaltung wäre danacli, laut obiger Reihenfolge, zu 
schreibeii: 0 T Cc : B (T CC -f- T cc ) : 2 t Cc : 2 ( / C(l )- t cc). Pber die 
Testafarben wird 1. c. nichts Näheres mitgeteilt, weshalb keine Diskus- 
sion dieser Spaltung in bezug auf (1—c möglich erscheint. 

Wir wollen nun die oben besprochenen, bisher vorliegenden Hesul- 
late iilxT die Vererl)img der Teillarbigkeit kiirz zusammentassen. 

1. (lanzfarbigkeit dominiert vollkommen iiber Teilfarbigkeil; kon 
statiert von sämliichen Verfassern. 

2. Teillarbigkeit manilestiert sich gleichwie Ganzfarbigkeil nur 
bei Anwesenheit des dominanten (irundgens tur Teslafarbe P (Emer- 
son 1909, 1911, E. V. Tschermak 1912, Shaw and Norton 1918, K. Sa\ 
1923, Sax & McPhee 1923 sowie Miyake, Imai and Tabuchi 1930). 

3. Fiir die Spaltung (ianzfarbigkeit : Teilfarbigkeit wurde (*in mo- 
nohybrides Verhältnis, 3 : 1, von sämliichen Verfassern gefunden. llier- 
fur wird das von Emerson 1909 aufgestellte Genpaar T — f veraiitwort- 
licli gemacht. Die von E. v. Tschermak verwendele Bezeiclmimg 
Zi — z, ist, als mit T — i höchst wahrscheinlich identisch; zu streichen. 

4. K. Sax hat 1923 hierfiir auch bifaktorielle Spaltung, dem Ver- 
hältnisse 15 Ganzfarbig : 1 Teilfarbig enlsprechend, gefunden. Fiir das 
Auftreten von Teilfarbigkeit wären demnach zwei doppcltrezessive Gene 
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erforderlich. Fur das zweite soll die Bezeichnung E — e benutzt werden, 
da Emerson 1909 ein solches mögliches Genpaar diskuliert und so be- 
zeichnet hat. 

5. Die drei teilfarbigen Typen sellatus, Piebald und virgarcus wer- 
den durch ein Genpaar bedingt und zeigen demnach Zea-Spaltung. 
Dieses Genpaar soll mit Z — z bezeichnet werden, da E. v. Tschermak 
1912 wahrscheinlich diese Spaltung als erster konstatiert und das hier- 
fiir verantwortliche Genpaar mit Z 2 — bezeichnet hat. Der Index wird 
weggelassen, da Zi als mit T identisch einzuziehen ist. Die Spaltung 
dieser drei Typen ist einwandfrei bestätigt und durch gute Abbildungen 
verifiziert von F. M. Surface 1916 und K. Sax u. McPhee 1923. Wir 
können daher schreiben: 

sellatuS’Typus PP tt ce ZZ 

Piebald-Typm PP tt ee Zz 

virgarcus-Typus PP tt ee zz 

Dieser Piebald -Typm scheint demnach nur in heterozytoger Form vor- 
zukommen. 

6. F. M. Surface und K. Sax & McPhee haben die unter 5 er- 
wähnle Spaltung nach Kreuzung von sellatus mit virgarcus erhalten, 
E. V. Tschermak dagegen nach Kreuzung von Ganzfarbig bzw. Rein- 
weiss mit sellatus (siehe vorstehend), Lelzteres deutet darauf hin, dass 
die beiden Genpaare T — t und E — e als Grundgene fiir die Ausbildung 
von Teilfarbigkeit fungieren. Eine Unterscheidung der Wirkung dieser 
beiden Genpaare erscheint einstweilen unmöglich. 

7. Die drei Typen von Teilfarbigen minimus, minor und major 
zeigen iiber die drei Typen sellatoides, arcus und laciniata bzw. je einen 
derselben wahrscheinlich Dominanz (M. Miyake u. a. 1930). 

8. Der Speckled-Typm (Fig. 16) ist laut M. Miyake u. Mitarbei- 
tern (1930) iiber den major-Typm dominant und diese beiden Typen 
zeigen monohybride Spaltung 3:1. 

9. Die l^eiden Genpaare M — m (Homozygotmarmorierung) und 
T — t (bzw. E — e) scheinen unabhängig voneinander vererbt zu werden. 
Gleiches scheint auch fiir die beiden Genpaare C — c und T — t (bzw. 
E — e) zu gelten (M. Miyake, Y. Imai and K, Tabuchi 1930). 

EIGENE UNTERSUCHUNGEN* 

Die erste hier zu besprechende Kreuzung, Nr. 32, wurde ausgefiihrt 
zwischen zwei reinen Linien, L 2 und L 5. L 2 stammt aus Neger, 
einer Wachsbohne, und hat ganzfarbige und reinschwarze Testa. Die 
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genotypische Konstitution lur die Testafarbe dieser Linie ist PP CC JJ 
gg BB VV, was von mir friiher (Lamprpxut 1932a) nachgewiesen wor- 
den ist. Linie 5 stammt aus der französischen Brechbohnensorte In- 
comparable von Vilmorin-Andrieux, Paris, iind ist von mir seit 1929 
mit jährlicher Auswahl neuer Pflanzen als Linie gebaut worden. Linie 
5 ist teilfarbig und gehört dem in Fig. 9 dargestelllen bipnnctata-Typus 
an. Wie aus dieser ersichtlich zeigt dieser Typus nur zwei kleine, in 
ihrer Grösse allerdiugs variiercnde Flecken an der Stelle der Mikropyle 
und der G.aruncula. Die häufigste (irösse der Flocken ist die am mitt- 
leren Samen in Fig. 9. Die in dieser Figur angegebene Variation wird 
nur sclten iibersehrilten, hierbei kann namcntlich der farbige Fleck an 
der Caruncula noeh elwas reduzierl bzw. vergrössert, d. h. nach oben 
et was verlängert werdcn. Ausser den beiden Flecken gewahrt man 
an Samen mit grösseren solchen eine Anzahl von äusserst feinen Piinkt- 
chen ausserhalb des Mikropylenfleckens in der Richtung gegcn das 
Samenende zerstreul. Krvvähnt soll wxrden, dass mir die Sorte Incom- 
parable, von L. Glause in Breligny-sur-Orge, auch in einem anderen 
Typus von Teilfarbigkeit, virgarcns, bekannt isl. 

Die beiden farbigen Flecken der L 5 sind homozygotmarmoriert, 
A/M, und dreifarbig. Die Marmorierung ist Keinschwarz/Pensécviolelt/ 
Fliederartig Weiss. Das Penséeviolett entspricht im R(^ (= Ré- 
pertoire de Couleurs publié i)ar la Sociélé des Ghrysanthémisles et 
René Oberthur, 1905) Dunkles Stiefmiitterchen- Violett, Pensée-Violett, 
191/4 und noch dunkler bis fast Schwarz, im CS (= Color Standards 
and (xlor Nomenclature by Robert Ridgway, 1912) Dark Perilla 
Purple, XLIV, (>9"7k — 1 und dunkler (meistens) bis Dull Violet-Black, 
L, 61""m, in FT (= Farbentafeln nach Ostwald) normal 10,5 pn, hell 
9,5 pn, dunkel 1 1 pn bis fast schwarz und schliesslich im CC (= C.o<le 
des (Couleurs, Klincksieck et Valette 1908) 585 und dunkler. Der 
helle Grund, Fliederartig Weiss entspricht RC 7/2 — 3 bis Veilchenartig 
Weiss (Violettfarbig Weiss) 6/2, (’.S Pale Vinaceous-Tawn, XL, 13"' f 
bis Tilleul-Buff, XL, 17'"f. Diese Far])e dunkelt recht schnell nach 
und erreicht in der Regel schon nach einem Jahr etwa Vinaceous- 
Tawn, XL, 13"' b. Ein sicheres Feststeilen der drei Farben ist auch 
mit der Lupe gewöhniich nur an Samen mit grösseren Flecken möglich. 

In bezug aiif die genotypische Konstitution fiir die Färbiing der 
Testa unterscheidet sich Linie 5 also von Linie 2 im Gen fiir Homo- 
zygotmarmorierung M und ferner wenigstens in einem der beiden Gene 
fiir Teilfarbigkeit T und E, In einer noch nicht veröffenllichten Kreu- 
zung ist ferner nachgewiesen worden, dass Linie 5 Träger des Farb- 
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TABELLE 1. Fa der Kreiizung Nr. 32: L2 aus Neger XL5 ans 
Incomparable. Die Anfspaltimg in den heiden Genpaaren T — t 

und M — m. 


Nr. 

G a 11 z f 1 

Marmoricrt 

Reinschwarz/ 

Penséeviolett 

/Fliederartig 

Weiss 

1 r b i g e 

Kinfarbig 

Reinschwarz 

T e i 1 f a 

Marmoriert 

Reinschwarz/ 

Penséeviolett 

/Fliederartig 

Weiss 

r b i g e 

Einfarbig 

Reinschwarz 

Summe 

Individuen 

8501 

19 

8 

6 

4 

37 

8502 

15 

8 

13 

1 

37 

8503 

24 

7 

3 

1 

35 

8504 

17 

8 

12 

2 

39 

8505 

17 

2 

5 

3 

27 

8506 

13 

8 

1 

3 

25 

8507 

13 

8 

2 

3 

26 

8508 

17 

6 

9 

I 

33 

8509 

19 

8 

3 

1 

31 

8510 

14 

10 

5 

- 

29 

8511 

22 1 

i 3 

1 5 

3 

33 

8512 

17 ' 

5 

4 

2 

28 

8513 

29 i 

i 7 

7 

5 

48 

8514 

15 

‘ 8 

, 6 

— 

29 

8515 

16 

! 5 

' 6 

1 

28 

8516 

19 

1 13 

1 

2 

37 

8517 1 

1 21 

1 7 

1 3 

4 

35 

8518 

10 

, 2 

, 4 

3 

19 

8519 

1 

' 11 

1 6 

3 

37 

8520 

' 20 

12 

1 8 

2 

42 

8521 

1 

6 

1 44 

2 

40 

8522 

20 

9 

13 

— 

42 

8523 

1 19 

5 

1 10 

1 

35 

8524 

1 19 

1 ^ 

8 

4 

37 

Summen: 

Erwartet: 

D/m fur 
9:3:3:1 =... 

430 

1 455,06 1 

i 1,7« 

172 

' 151,60 

1 1>*3 

' 156 

’ 151,60 j 

0,30 

51 

50,56 

0,06 

809 


gens H ist. In bezng aiif die iihrigen 5 Farbgene C, /, G, B und V ist 
nichts bckannl. 

Diese Kreuzung wurde 1930 ausgefuhrt, 1931 wurde Fi und 1933 
Fa gebaut. Die auf F\ erhaltenen Samen waren ganzfarbig raarmoriert 
in den Farben Reinschwarz/Penséeviolelt/Fliederarlig Weiss. Die in 
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F 2 gcfunclene Spaltunj^ ist in den Tabellen 1 iind 2 dargestelll. Ta- 
belle 1 zeij^l die Spallung ohne Riicksiehl auf verschiedeiH» Typen von 
Teilfarbigen. Wir finden zunäelisl die seil langem bekannte Spallung 

TABELLE 2. Fj der Kreuzmuj Nr. .‘i2: L 2 ans Neger K F 5 aus 
Incomparable. Die Anfspaltung der Teilfarbigen in die verschiedenen 


Z ei c II n ung st g pen. 


Nr. 

Z t* i c h n 

nirgarciis 

stark 

u n g s t y p e n d c 

. 

vtrqarcus 

‘ , arciis 

sfhwacli 

r "r e i 1 f a 

bi- 

piinctaia 

r b i g e 11 

ninjata 

Sumnic 

Individuell 

8r)01 

2 

2 

3 

1 

1 3 


10 

8502 

3 

'> 

5 

1 


14 

8503 

1 

9 

- 


1 

4 

8504 

5 

3 

4 

2 

- 

14 

8505 

1 


1 

1 — 

— 

8 

8500 

1 

2 

1 

1 

— 

4 

8507 

1 

2 

1 

1 

- 

5 

8508 

3 


1 

2 

1 

10 

8509 

1 

1 

1 

1 


4 

8510 

1 

2 

1 

1 1 

1 

5 

8511 


3 

2 

, 3 


8 

8512 

2 

9 


2 

— 

6 

8513 

2 

i 

1 

1 1 

4 

12 

8514 

1 

2 

2 

1 

1 

6 

8515 


() 

1 


' 

7 

8516 


3 

1 


1 

5 

8517 

1 

3 

_ 

1 i 

2 

7 

8518 

1 

3 


, 3 

1 

7 

8519 

1 

3 

1 

2 

2 

9 

j 8520 

.J 2 

7 

1 


i ^ ‘ 

10 

1 8521 

.J 2 

10 

1 

1 

1 2 

16 1 

8522 

— 

8 j 


5 


13 ' 

8523 

1 

3 

1 

1 (\ 

1 1 

11 1 

8524 

1 ' 

6 

1 

3 ' 

2 

12 ' 

Summen: 

Erwarlet fur 

..| 35 

1 

88 

27 

1 38 1 

19 

207 

3:6:3:3: 1.... 

..| 38,81 

77,63 

38,81 

38,81 , 

12,94 

— 

D/m-- 

0,60 1 

1,4U ' 

2,04 

1 0,14 , 

1,74 

- 

ini Verhältnis 

3 r : 1 G 

d. li. ()02 (ianzfarbig : 207 Teilfarbig mil 


l)/in = (), 39 . Sowohl die Ganzfarbigen wie die Teilfarbigen spalten nur 
in zwei verschiedene Farbenlypen, was von ganz besonderem Interesse 
sein diirfte. Wie ich in friiliereii Arbeilen gezeigt habe (Lamprecht 
1932a, 19321), 1933), spalten die fiinf Farbgene C,J,G,B und V mit 
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grösster Wahrscheinlichkeit unabhängig voneinander. Linie 5 kann 
daher kaum in einem dieser fiinf Gene von Linie 2 verschieden sein, 
denn solchenfalls miisste es zur Ausspaltung von anderen Farben kom- 
men, was aber unter den 809 Fg-Individuen nicht der Fall gewesen ist. 
Ausserdem ist sicher festgeslellt, dass Linie 5 Träger von fifl, Linie 2 
von rr ist. Wir können diesen beiden Linien demnach, unter der Vor- 
aussetzung dass der Unterschied Ganz — Teilfarbigkeit durch T-t be- 
dingt wird, folgende Formeln zuschreiben: 

Linie 2: PP TT ee mm CC JJ gg BB VV rr 

Linie 5: PP tt eeMMCCJJggBBVVRR 
Hiernach sollte eine Spaltung in drei Genpaaren stattfinden. Wie Ta- 
belle 1 zeigt, wurde aber nur eine Spaltung in vier verschiedene Typen 
gefunden, fiir deren Erklärung die beiden Genpaare T-f und M-M ge- 
nugen wiirden. Bei einer Spaltung in drei Genpaaren halten wir, bei 
Voraussetzung dass die Heterozygoten sich nicht von den Dominanten 
unlerscheiden, theoretisch acht verschiedene Typen zu erwarten, und 
zwar in folgender Frequenz: 27 T M R : ^ T M r :9 T mR T m r : 
9 t M R :3 t M r : 3 t m R : 1 t m r, Erwähnt soll hierzu werden, dass 
die beiden Typen TT mm CC JJ gg BB W rr und TT mm CC JJ gg BB 
VV RR Reinschwarz sind. Dies wurde daher die Anzahl verschiedener 
Typen von acht auf sechs reduzieren. Bei einem Blick auf die oben fur 
L 2 und L 5 mitgeteilten Formeln und auf die Spaltungsresultate in Ta- 
belle 1 sehen wir ferner, dass wir anstatt vier verschiedenen marmorierten 
Typen nur zwei, und zwar mit den gleichen Farben erhalten hahen. 
Es fehlen gerade die beiden info-lge IJmkombination zu erwartenden 
Typen T M r und t M r, Wenn wir eine so starke Koppelung zwischen 
M und R annehmen, dass hier in F 2 keine Umkombinationen auftreten, 
erhalten wir gerade das gefundene Verhältnis. Wir können dies fol- 
gendermassen schematisch zum Ausdnick bringen. 


48 T 


30 M 


12 m 


16 


12 M 


t 


4 m 


R Ganzfarhig Reinschwarz/Penséeviolelt/Fliederartig 
Weiss 

r 0 Individuen infolge starker Koppelung MR 
RO» » » » mr 

r Ganzfarhig Reinschwarz 

R Teilfarbig Reinschwarz/Penséeviolett/Fliederartig 
Weiss 

r 0 Individuen infolge starker Koppelung MR 
RO» » » » mr 

r Teilfarbig Reinschwarz 
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Wie ersichllich resultiert bei Annahme eincr solchen Koppelung gerade 
das gefundene bifaklorielle Spaltungsverhältnis 9 : 3 : 3 : 1. Diese Annahme 
ist einstweilen naturlich nur eine Arbeitshypothese und bcdarf weiterer 
Bestätigung. Es könnte hier allerdings an noch eine Erklärimgmöglichkcit 
gedacht werden, näm- 
lich die, dass MR 
und Mr gleiche Phä- 
notypen hervorrufen. 

Dann wiirden wir 
auch nur vier ver- 
schiedene Phänotypeii 
finden. Diese Erklä- 
rung erscheint aber 
weniger wahrschein- 
lich. 

Die gefundenen 
Spaltungszalilen spre- 
chen mit grosser Walirscheinlichkeit dafiir, dass die beiden (Jenpaare 
T — t (bzw. E -e) und M m unabhängig voneinander vererbt werden, 
bestätigen also in dieser Ilinsicht, was M. Miyake, Y. Imai and K. 
Tabuchi 1930 in einer 
kleineren KreuzAing 
geliinden haben. 

Tabelle 2 zeigt 
die Spaltung der Teil- 
farl)igen in verschie- 
dene l'ypen. Es konn- 
ten vier verschiedene 
Typen unterschieden 
werden und von cimnii 
von diesen iiberdies 
zwei Varianten. Wird 
auf diese beiden Va- 
rianten nicht Riick- 
sicht genommen, so erhållen wir eine recht gule bifaklorielle Spaltung 
im Verhällnis 9 virgarcus : 3 arens : 3 hipunetata : 1 nirgata, Die bei- 
den Varianten sind in Fig. 17 und 18 dargestellt. Aus diesen Bildern 
geht hervor, dass der virgareus-Typus eine Kombination aus Elemen- 
ten oder Teilen von drei verschiedenen Typen darstellt, diese sind 
bipunefata (Fig. 9), arens (Hg. 14) und virgata (Fig. 19). Wir sehen 



Fig. 18. Drei Siuiieii vom p/r(/orr/i.s*Typiis niil gut aus- 
gei>ildeten Arens und Streilen, ausgespallen in F» der 
Kreuzung Nr. 82. Der Slreifen ist gleiehvsie in Fig 17 
kurz, or reiclU nicht um das Mikropylenende herum 
(vgl. den Pirf/omi.s-Typus in Fig. 8). 



Fig. 17. Drei Sainen voin Piff/oreMi-Typus mil sehwach 
aiisgebildelen Areus und Slreifen, ausgespallen in h\ der 
Kreuzung Nr. 82. 
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2 uerst die beiden Flecken des bipunctata-Typxxs, jo einen an der Mikro- 
pyle und an der Caruncula. Ferner sielit man den Bogen, dessen zwei 
Hälften am Carunculafleck entspriiigen uiid sich konzentrisch um das 
Hilum herabstrecken, wobei ein gewisser Abstaiid vom Hilumrand 
beibehalten wird. Hervorgehoben soll werdcn, dass der in Fig. 14 dar- 
gestellte nreu.v-Typus keine Kombination dieses Bogens mit dem hi- 
punctata-Typus, sondern eine solche mit dem lacininta-Typm darstellt. 
Ferner sehen wir den Streifen, der beim virgaia-Typus vom Mikropylen- 
flock gegen das Mikropylencnde des Samens geht und schliesslich mehr 
oder weniger deullich ausgebildet Punkte oder einen Heck, gleichsam 
eine Verlängerung vom F.arunculafleck gegen das Samenende dieser 
Seite bildend. Der letzlere Teil der Zeichnung kommt bei dem in 
Fig. 19 dargestellten virgatn-Typm nicht vor. Im Zusammenhang hicr- 

mit sei auch auf den 


$ k é 

( /, 'n 

/ t 



Fig. J9. Drci Sanien vom wirpfi/o-Typus, ausgespalteii in 
F 2 der Kreuzung Nr. 38. 


inrgarcus-Typus hin- 
gewiesen, der in Fig. 8 
abgebildet ist. Bei 
diesem ist der vom 
Mikropylenfleck aus- 
gehende Streifen be- 
deutend stärker aus» 
gebildel und reicht 
stels um das Mikro- 
pylcnende des Sa- 
mens herum. 


Die beiden in Fig. 17 und 18 dargestellten Varianten des oirgnrciis- 
Typus unlerscheiden sich vor allem in der verschieden starken Aus- 
bildung des gcnannteii Slreifens und des arcus. Ob es sich wirklich 
um erbliche Unterschiede handelt erscheint noch nicht sicher, nament- 
lich da es tlbergänge gibl. Eine Aufteilung erschien indes insofern 
berechtigl, als die grosse Mehrzahl der Samen einer einzelnen Pflanze 
ill der Regel entweder nur dem einen oder dem anderen Typus zuge- 
reclmet werden konnle. 


Der urcus-Typus die.ser Kreuzung entspricht nicht ganz dem in 
Fig. 14 wiedergegebenen aus Kreuzung Nr. 33. Krstens fehlt bei diesem 
in vorliegender Kreuzung der Zipfel des iaciniaia-Typus und ist hier 
durch den Fleck an der (^^aruncula crsetzt und zweitens kommt nicht 


selten eine Andeutung zu einem Streifen vom Fleck an der Mikropyle 
nach dem Samenende dieser Seite vor. Diese ist aber stets nur schwach, 
wie stark auch der Bogen zu sein scheint. 
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Beim oirgdta-Tyims, der in Fi}?. 19 aiis Kreuzunj' Nr. 38 abgcl)ilde! 
ist, kommt liier auch zuweilen eiiie scliwache Andeutun^' des Bogens 
voin orruÄ-Typus vor. Sowohl der arens- wie der pirfyr//r/-Typus zeigen 
also in dieser Kreuziing eine modifikalive Variation (an einer Pflanze 
vorkommend), derzutVdge einzelne Sarnen als scliwacli ausgebildete 
virgarciis~Ty\n\s aiiigerass! werden könnten. Beim bif)iinctata-Ty\ms 
scheint dies dagegen nieinals der Fall zu sein. Fiir den genotypischen 
Unterschied zwischen virgarens- iind bipiwctata-Tyims sterile ich da.^ 
(ienpaar liip — bip, abgeleihd von der rezessiven Form bipuuctata, aul‘. 
Mil liinsieht auf ein zweiles liier spallendes (ienpaar sollen ziiersl die 
Krgebnisse weilerer linlersiicbungen, vor allem in abgewarlet wer- 
den. Frwäbnt sei schliesslicli, dass iinter den Teillarbigen eine PHanze 
mit virgata-Siuuen aidgetrelen ist, die von den iibrigen stark dadurch 
abwich, dass die Samen auf der ('.aruneula-Seile nur einen kleinen 
Fleck (wie in Fig. 19, linker Same), aui‘ der Mikrojiylenseite dagegen 
einen sehr starken imd breiten Slreilen zeigten, der iiber das Mikropylen- 
ende hinunterreichte. 

Eine zweile Kreuzimg, Nr. 38, wurde ausgelubrt zwischen Linie 5 
aus Incomparable nnd L 29 aus de la (diine. Der teilfarbige Elter, L 5, 
ist liier also der gleiclie w ie in der vorigen Kreiizung Nr. 32. Der zweite 
Eller, L 29, isl ganzfarbig und einfarbig, (ieschw^efelles Weiss. Die 
Konstitution fiir die Testafarbe dieser Linie ist von mir friiber (Lamp- 
KECHT 1932 a) als PP (Al jj gg bb vv rr nacligew iesen worden (auf rr 
ist auf (irund späterer Unlersucliungen zu schliesseii). Ausserdem muss 
diese Linie als ganzfarbig wenigstens eines der beiden (iene T und E, 
sowie als niebt marmoriert mm baben. Enter llinweis auf die Diskus- 
sion iiber Linie 5 in voriger Kreiizung können wir fiir die beiden Eltcrn 
zu Kreiizung 38 schreiben: 

Linie 5: PP tt ce MM CC JJ gg BB VV BB 

Linie 29: PP TT cc mm (Al jj gg bb vv rr 

In bezug auf die Testafarbe finden wir bier also einen Untersebied in 
niebt weniger als vier Cienen, was zur Ausbildung von etw^a 10 ver- 
sebiedenen Teslafarben und bei Berucksiebligung von M — m zu elwa 
gleiebviel niarmorierten Typen Anlass geben sollte. Dies ist auch ein- 
gelroffen. Das Material der zweiten (leneration dieser Kreiizung. 404 
Individuell, ist jedocb zu gering, um eine Analyse der Spallung in bezug 
auf 1\istafarbe zuzulassen. Es soll daber nur die Spaltung in (ianz- 
und Teilfarbigkeit sowie in versebiedene Typen dieser untersucht wer- 
den. Die Samen der ersten (ieneration waren ganzfarbig marmoriert. 
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In der zweiten Generation erfolgte nicht nur eine Spaltung in ganz- 
und teilfarbige Typen, sondern es spalteten auch Pflanzen mit rein- 

TABELLE 3. Fj der Kreuzung Nr. 38: L 5 aus Incomparable X. L 29 
aus de la Chine. Dic Aufspaltung in Ganzfarbige, verschieden Teil- 


farbige lind Reiniveiss. 


Nr. 

Ganz- 

farbige 

if/ii- 

punctata 

T e i I f a 

hi- 

punctata 

r b i g c 

virgata 

virgarctts 

Reinweiss 

Summe 

8568 

8 

2 

1 



_ 

1 

12 

8569 

9 

5 


2 

— 

1 

17 

8570 

7 

— 

— 

— 

— 

4 

11 

8571 

10 

5 

— 

1 

1 

2 

19 

8572 

15 

6 


1 

1 


23 

8573 

35 

5 

3 

1 

1 

8 

53 

8574 

8 

2 

— 

— 

— 

2 

12 

8575 

3 

5 

2 

• — 

— 

1 

11 

8576 

12 

— 

— 

— 

— 

— 

12 

8577 

4 

1 

— 

— 

1 

2 

8 

8578 

12 

3 

— 

3 


2 

20 

8579 

8 

3 

1 

— 

1 

1 

14 

8580 

8 

— 

— 

— 

1 

— 

9 

8581 

22 

6 i 

2 

1 

— 

3 

34 

8582 

i 

3 

_ 

— 

— 

3 

22 

8583 

8 

— 


— 

— 

2 ! 

10 

8584 

8 

1 

— 

— 

2 

2 

13 

8585 

19 

2 

1 

— 

— 

2 

24 

8586 

4 

! 1 

— 

1 

1 

3 

10 

8587 

4 

1 

— 

— 

— 

2 

7 

8588 i 

7 

3 

— 

1 

— 

1 

12 

8589 ! 

3 

— ' 

— 

— 

— 

1 ' 

4 

8590 

12 

1 1 

2 

— 

— 

3 

18 

8591 

16 

5 

2 


2 

2 

30 

8592 

7 1 

1 1 

— 

— 

1 

1 i 

10 

8593 

15 

2 

1 

2 

— 

2 

22 

8594 

9 

2 

1 


— 

2 

14 

8595 1 

3 

2 

1 

— 

— 

— 

6 

8596 

4 

1 




2 

7 

Sutnmcn: 

296 

68 

17 

16 

12 

55 

1 464 


weissen Samcii aus. Die erhaltenen Spaltungszahlen sind in Tabelle 3 
wiedergegeben. Aus dieser Tabelle ergibt sich folgendcs Spaltungsver- 
hältnis: 

296 Ganzfarbig : 113 Teilfarbig : 55 Reinweiss 
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Die Farbigen allein zeigen hier annähernd monohybride Spaltung im 
Verliällnis 3:1; D/m fur 296 : 113 beträgt 1 , 28 . Wie ist hier eine Aus- 
spaltung von Pflanzen mit rcinweissen Samen zu erklären? Friilier 
ist von mir (Lamprecht 1932 a, 1932 c und 1933) nachgewiesen worden, 
dass reinweisse Samen gcnotypisch in zweicrlei Weise bedingt werden 
können. Sämtlicho Samen, die den (irundfaktor fiir Testafarbe in re- 
zessiver Form liaben, p, sind reinweiss und ferner alle Samen, die diesen 
Faktor in dominanter Form habcn, P, die aber gleichzeitig alle Farben- 
f aktoren in rezessiver Form haben. In einer Kreuzung von zwei Linien 
mit farbigen Samen, die jc nur Träger eines Farbenfaktors sind, soll es 
also in F 2 zur Ausspaltung von V 16 Pflanzen mit reinweissen Samen 
kommen, was von mir fruher (1932 a) in Kreuzung Nr. 12 gefuiidcn 
worden ist. Hier erscheint eine Ausspallung von rcinweissen Sa- 
men aus vorstehendcn 
(iriinden ausgeschlos- 
sen, da bcide Eltern 
Träger eines und des- * 

selben Farbenfaktors 

sind. Aber auch wenn • m m ' 

dies nicht der Fall 
wäre, so wiirde bei 
Iletcrozygotie in vier 
F arbenfakloren nur 

mit Ciner Ausspal- 2» Droi Samen vom 

^ len 111 fs der Kreuzung Nr. 38 . 

tung von Rein- 

weissen zu rechnen sein. während hier etwa Vh gefunden wor- 
den ist. 

An spontane Kreuzungen als Ursache kann nicht gedacht werden, 
denn erstens kommen solche in Schweden nur in einer Frequenz von 
etwa 0 — 3 Promille vor, zweitens wiirden dann nur gewisse F^amilien 
und nicht alle eine solche aufweisen können und drittens findet die Aus- 
spaltung von Pflanzen mit reinweissen Samen in ganz regelmässiger 
Weise in der ganzcn Kreuzung statt, d. h. in Farnilien mit grösserer 
Pflanzcnanzahl konimt auch gewöhnlich eine entsprechend grössere 
Anzahl Pflanzen mit weissen Samen vor. 

Es verbleibt da vorläufig wohl nur die Annahme, dass es eine oder 
gewisse Kombinationen von Genen fur Teilfarbigkeit gibt, bei denen die 
ganze Testa ungefärbt verbleibt. Weitere Untersuchungen werden dies 
klarlegen. 

Aus Tabelle 3 geht hervor, dass die Teilfarbigen in Kreuzung Nr. 38 
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in vier verschiedene Typen auf spalten. In grösster Anzahl kommt hier 
ein neuer, bisher nicht beschriebener Typus. unipunctatn vor. Fig. 20 
zeigt drei Samen dieses Typus. Wir seheii hier nur ein kleines farbiges 
Fleckchen an der Stelle der Mikropyle, das in seiner Grösse eine gewisse 
Variation aufweist. Es scheint niemals die Grösse des entsprechenden 
Fleckes beim bipuncfafn-Typxis von L 5 zu erreichen. Meistens hat es 
nur die Grösse, wie sie am linken und niittleren Samen in der Fig. 
wiedergegeben ist. Itei dieseni Typus ist es naturlich in den meisten 
Fallen iinmöglich festzustellen, ob man es mit marmorierler oder ge- 
bänderter Testa zu tun hat. 

In der Tabelle 3 sind ferner noch drei Typen von Teilfarbigen auf- 
genommen. Es isl iiberraschend hier festslellen zu können, dass diese 
von Kreuzung 32 bckannten Typen hier in geringerer Anzahl vorkom- 
men als der iinipunctfita-Typiis. Audi kommt der virgarais-Typus, der 
in genannter Kreuzung klar iiber den bipunctata-Typus dominierte hier 
in geringerer, oder doch sicher nicht grösserer Anzahl, vor. Man be- 
kommt den Eindruck, als ob sich hier die Wirkung eines Hemmungs- 
iaktors g(‘ltend machc, der einen grösseren Teil eines oder mehrerer 
der librigen Typen zu unipunctatn reduziere. 

In bezug aut die T\pen sei ferner folgendes erwähnt. Unter den 
17 Pflanzen mit bipiinciala-Sanum gab es vier, bei denen die beideii 
Flecken kleiner waren als beim iiblichen Typus (Fig. 9 linker und mitl- 
lerer Samen); sie zeigten etwa die Grösse des Fleckchens beim uni- 
punctata-Typua, Unter den uirgata-Typen, 16 an der Zahl, gab es 
zwei mit sehr schwach angedeutetem Streifen auf der Mikropylen- 
seite. Ihiter den 12 virgarcus-Typen gab es einen Samen mit sehr 
schwachem solchen Streifen und einen, bei dem der Bogen stark aus- 
gebreitet vvar, etwa wie beim diff usa-Typus in Fig. 23 (aber ohne 
Lappen, siehe unten beim /oöa/ri-Typus). Es erscheini daher mög- 
lich, dass diese Kreuzung komplizierter ist als aus Tabelle 3 hervorgeht. 
Die dort mitgeteilten Zahlen deuten am eheslen auf eine bifaklorielle 
Spallung. Sicher ist, dass durch die ganzfarbige Linie 29 eine ganz 
andere genotypische Konstitution fiir Teilfarbigkeit in die Kreuzung 
eingefuhrt worden ist als in der vorigen. 

Eine weitere Kreuzung, Nr. 47, die nur in geringem Umfange aus- 
gefiihrt worden ist, soll kurz angefiihrt werden, da in dieser das Ver- 
hältnis 15 Ganzfarbig : 1 Teilfarbig resultierte. Der eine Elter war 
Linie 44, aus (iraue Spargel, mä ganz- und einfarbiger Testa in der 
F^arbe Havannabraun, der andere war Linie 36, aus Flageolet Victoria, 
teilfarbig und marmoriert mit dem in Fig* 8 abgebildeten virgarciis- 
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Typus. Fl hatte ganzfarbigc, dunkelmannorierle Samen. b\ zeigle 
folgcnde Spallung: 

Gefunden: 177 (lanzfarhig : 20 Teilfarbig 

Erwarlel: 184,^9 >» : 12,:ii >/ 

D/m fur 15:1— 2 , 27 . 

Der Wert fiir D/m ist gerade kein giiler, aber siclierlich liegt doch eine 
bifaktorielle Spaltiing vor. Fiir eine monoliybride Spaltung wird D ni 
4,82! Dies bestätigl zwei Kreiizimgsresiiltate von K. Sax (192‘i), l)ei 
denen nach Kreuzung von 'Feilfarbigen mil reinweissen Rassen in b\ 
eine Spaltung im Verhällnis 45 (ianzfarbig : 8 Teilfarbig : 10 Reinweiss 
erhalten worden isl. Wir können es deinnach wohl als sicher betrachten, 
dass fiir Aiisbildung der Teilfarbigkeit Rezessivitäl in zwei (ienpaaren. 
T i und E- la forderlich ist. Beide diese (iene diirften als (irundgene 
wirksam sein. Kmfhsons ^1909) Annahnie, dass Samen der Konstitu- 
tion Ple reinweiss sein sollten die Annalime wurde ohne eine Sliilze 
in Kreuzungsresullaten zu haben geinaeht - - slehl hiermit im \\'idcr- 
spruch. Wäre sie richtig, so sollten in vorliegender Kreuzung Nr. 47 
etwa Viu Bflanzen mit reinweissen Samen erhallen werden. Solche 
fehlten indessen gänzlich. 

Die IVilfarbigen zeigten in Kreuzung Nr. 47 lolgende Spaltung: 

10 minor : 6 major : 4 viryarcus 

Die Zahlen sind zu klein um sichere Schliisse ziizulassen. Vielleicht 
handelt es sich uin eine Spaltung im Verhältnis 9:3:4. Sicher diirfte 
virgarcLis gegen iiber minor rezessiv sein. 

Die nächste zu besprechende Kreuzung, Nr. 33, wurde ausgefiihrt 
zwischen Linie () aus Tres nain [)récoce und Linie 29 aus de la (Uiine. 
L 29 wurde schon oben beschrieben. L <> ist Teilfarbig und gehört dem 
in Fig. 10 abgebildeten /nayor-Typus an. Die Teslafarbe ist Rhamnin- 
braun, hat deinnach die genotypische Konstitution PP cc JJ GG BB vv rr 
fiir Teslafarbe (siehe Lamprkcht 1932 c). Unter llinweis auf die 
Seile 203 fiir L 29 mitgeleilte genotypische Konstitution sowie die Teil- 
farbigkeit von L (), kaiin den Samen der F,-(ieneralion folgende Kon- 
stitution zuerkannt werden: PP Tt ee mm Cc Jj Gg Bb nn rr, Die vier 
Farbgene C, J, G und B verursachen zusainmen mit dem (Irundgen fiir 
Teslafarbe P die Farbe Mineralbraun und bei Helerozygotie in (J: 
Hetcrozygotmarmoriert Mineralbraun Rhamninbraun. Die auf F, er- 
haltenen Samen waren wie erwarlel gaiizfarbig und zeigten eben diese 
Farbe. 

In Fo haben wir auf Grund der niitgeleilten Formel mit Ilinsicht 
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TABELLE 4. F 2 der Kreuzung Nr. 33: L 6 aus Trés nain précoce X 
L 29 aus de la Chine. Die Aufspaltung in Ganzfarbige, verschieden 
Teilfarbige und Reinweisse. 


Nr. 

Ganz- 

farbige 



T e i 

1 f a 

r b i 

g e 



Rein- 

weisse 

Summe 

bipunc- 

tata 

laci- 

niata 

arcus 

virg- 

arcus 

vir- 

gata 

lo- 

bata 

dif- 

fusa 

ma- 

jor 

8525 

4 

1 

2 

. _ 

_ 



1 

_ 

1 

2 

11 

8526 

10 


1 


1 

— 

1 

2 

1 

— 

16 

8527 

19 

1 


— 

— 

— 

— 



— 

20 

8528 

11 


3 


1 

— 

— 

— 

1 

— 

16 

8529 

4 

— 

1 


— 

— 

— 

1 


__ 

6 

8530 

25 

1 

5 

1 

1 

1 

1 


1 

— 

36 

8531 

25 

2 

3 


2 

— 

— 

— 

— 

3 

35 

8532 

27 

2 

1 



3 

2 

— 

— 

1 

— 

36 

8533 

43 

1 

2 

4 

2 

-- 

1 

1 

— 

1 

55 

8534 

32 

3 

2 


1 

2 

— 



1 

41 

8535 

20 

2 


3 

1 


— 



— 

26 

8536 

20 

1 

2 

3 

4 

1 

1 


— 

1 

33 

8537 

33 

2 

2 

2 

2 

— 

-- 

3 

— 

1 

45 

8538 

24 

— 

3 


2 

1 

— 


— 

2 

32 

8539 

20 

1 

2 

2 

— 

1 

— 

1 

1 


28 

8540 

18 

1 

1 

— 

1 

— 

— 


2 

1 

24 

8541 

42 

6 

2 

i 

1 

1 

— 

1 


2 

55 

8542 

32 

1 

— 

— 

2 

— 

1 

3 

! 

1 

40 

8543 

7 

— 

2 

3 

2 

1 

— 


— 

— 

15 

8544 

7 

2 

2 

— 

— 

— 


— 

1 


11 

8545 

5 

— 

1 

— 

1 

1 

— 

1 

— 

1 

10 

8546 

20 

1 

— 

1 

— 


— 

1 

— 


23 

8547 

13 

2 

2 

2 

1 

1 


3 

1 

-- 

25 

8548 

7 1 


1 

1 

1 

— 





10 

8549 

9 

— 

— 

1 1 

— 

— 

j 

2 

1 

— 

13 

8550 

16 

1 

1 

— 

5 

— 



1 

1 

25 

8551 

13 

3 

3 

1 

2 


— 

2 

1 

2 

27 

8552 

33 

— 

3 

2 

2 

— 

— 

3 

— 

2 

45 

8553 

11 

1 

1 

1 

1 

— 

— 


— 

— 

15 

8554 

6 

— 

— 

1 

— 

— 

— 

— 

— 

— 

7 

8555 

10 

2 

— 

— - 

1 

— 

— 

2 

— 

— 

15 

8556 

8 

— 

— 

— 


1 

— 

1 

2 

1 

13 

Summen:| 

' 574 i 

37 1 

48 1 

1 28 

40 

1 13 

i 

27 

14 

22 

809 


auf die Testafarbe cine Aufspaltung in vier Faktoren zu erwarten, was, 
unter Hinweis auf fruher Veröffenllichtes (Lamprecht 1933) zur Aus- 
bildung von 15 verschiedenen einfarbiRen und 8 verschieden hetero- 
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Fig. 21. Drci Samcii \om lobata-Ty\ms. ausgcspaltcMi in 
F ‘2 tlei Krou/ungen Ni. 25 und Nr. ,‘1.3. 


zygotmarmorierteu Typen fiihren inuss. Der in allen vier Farbgenen 
doppeltrezessive Typus wird Reinweiss sein; er soll deinnach einnial 
unter 256 Individuen vorkoinmen. Unter den 809 Individuen der vor- 
liegenden Kreuzung sind deinnach elwa 3 mit reinweissen Samon zu 
erwarteii. Von einer 
Mitteilung der Auf- 
spaltung in Testafar- 
ben nehnie ich Ab- 
stand, da die Indivi- 
duenanzahl (809) zu 
gering ist um bei 24 
verschiedencn Testa- 
farben, und iiberdies 
verteilt auf Ganz- und 
T eilf arbigc, einiger- 
massen verwendbare 
Zahlen zu geben. Die Aufspaltung in Ganz- und Teilfarbige sowie Rein- 
weisse ist in Tabelle 4 wiedergegeben. Dicse zeigt hierfur folgende 
Spaltung: 

574 Ganzfarbig : 213 Teiifarbig : 22 Reinweiss 
Das Verhältnis Ganzfarbig : Teiifarbig ist offenbar monohybrid, fiir 
3 : 1 wird D/m = 1 ,3.). 

Uberraschend ist 
hier, gleichwie frii- 
her in Kreuzung 
Nr. 38, das Au.s- 
spallen von Rein- 
weissen. In Kreu- 
zung Nr. 38 war 
auf Grund der Kon- 
stitution der Testa- 
f arben iiberhaupt 
keine Aiisspaltung 
von Reinweissen zu erwarten, in der vorliegenden Kreuzung sind jedoch, 
wie oben erwähnt, etwa 3 solche Individuen zu erwarten. Ks kanii 
als sicher betraclitet werden, dass die Ausspaltung des grössten Teiles 
der Reinweissen auf ähnliche Griinde zuriickzufuhren isl wie in Kreu- 
zung Nr. 38, weshalb auf die dortige Diskussion verwiesen sei, nament- 
licli da diese beiden Kreuzungen den gemeinsamen ganzfarbigen Elter, 
L 29, haben. 





Fig. 22 


Droi Samcn voin diftnsa-Tyinis, iuisgospalt(*ii in 
Fa >on Kri*uzung Nr. 3,3. 


Heredita» XIX. 


14 
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Wie aus Tabellc 4 hervorgeht, ist in dieser Kreuzung die Åufspal- 
tung in verschiedene Typen von Teilfarbigen recht kompliziert, es sind 
nicht weniger als acht solche aufgenommen. Unter diesen kommen 
zwei neue, bisher nicht erwähnle Typen vor, nämlich der lobata- iind 
der diffusa-Typus, abgebildet in Fig. 21 und 22. Am lobata-Typus 
lassen sich deutlich folgende Zeiclmungselemente unterscheiden; der 
Zipfel des laciniata-Typus (Fig. 15), der Bogen des arcu.v-Typus (Fig. 14), 
der Streifen auf der Mikropylenseite des uirpafa-Typus (Fig. 19) und 
schliesslich zwei farbige Lappen von meistens charakteristischer Form, 
die voin Hilumrand an der Mikropyle entspringen und sich schräg nach 
ausscn verbreiton. Auf Grund dieser letzteren hal dieser Typus seinen 
Namen erhållen: l obata = gelappt Ob hier iibrigens noch die Flecken 
oder der Punkt vom bipunctata- bzw. unipunctat a-Typus vorhanden 
sind, lässl sich nicht entscheiden. Der in Fig. 22 abgebildete diffusa- 
Typus ist dem lobatn-Typus in seinen Elementen sehr ähnlich, es hat 
den Anschein als ob die Wirkung eines weiteren Gens hinzugekommen 
wäre, das eine diffuse Ausbreitung der erwähnten Elemente bewirke. 
Dieses Gen scheint nach den Zahlen in der Tabelle zu urteilen domi- 
nante Wirkung zu haben. 

Gleichwie in Kreuzung Nr. 38 finden wir auch hier eine Ausspal- 
tung von unipuncfata-Samcn, Die genotypische Anlage fiir diesen 
Typus ist in beide Kreuzungen sehr wahrscheinlich durch den gemein- 
sanicn Elter, L 29, eingefiihrt worden. In der zunächst zu besprechen- 
den Kreuzung Nr. 25, die mit vorliegender L 6 als gemeinsamen Elter 
hat, sind keine iinipunctata-Samen ausgespalten. Uberblicken wir die 
bisher besprochenen Typen so wird immer deullicher, dass diese aus 
verschiedenen Elementen zusammengesetzt werden, die wahrscheinlich 
je durch erbliche Anlagen bedingt werden, die ihrerseits eine Ausbrei- 
tung der Farbe von ganz bestimmten Zentren aus zu bewirken scheinen. 

Eine nähere Diskussion der Spaltungszahlen soll erst erfolgen, wenn 
grösseres Material vorliegt. 

Eine weitere Kreuzung, Nr. 25, wurde ausgefuhrt zwischen der zu 
voriger Kreuzung benutzten Linie 6 aus Tres nain prt^coce und Linie 
3 aus Leberfarbige. Linie 3 ist ganzfarbig und hat die Testafarbe 
Munzbronze, der die Formel PP CC JJ gg BB vv rr zukommt (Lamp- 
RECHT 1932 a und 1933). Mit Hinblick auf die Ganz- und Einfarbig- 
keit dieser Linie und der Aufspaltung nach Kreuzung derselben mit 
einer Teilfarbigen im Verhältnisse 3 T : 1 f, kann ihr die Formel 
PP TT ee mm CC JJ gg BB vv rr zugeschrieben werden. Unter Hinweis 
auf die fruher fiir L 6 milgeteilte Formel ist den Samen der Fi-Genera- 



TABELLE 5. Fz der Kreiiziing Ar. L3 ans Lcbcrfarbige ^ L6 aiis Tres nain précoce. Die Anfspaltiing 
des Bastarden PP (Ic JJ Gg BB vv T t, Ganzfarbig Mincralbraiin Bhamninbraun marmoriert. 
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tion folgende Konstitution zuzuerkennen: PP Tt ee mm Cc JJ Gg BB vv rr. 
Sie sollen demnach Heterozygotmarmoriert Mineralbraun/Rhamnin- 
braun sein, was auch gefunden worden ist. In haben wir demnach 
eine Aufspaltung in Ganz- und Teilfarbigkeit sowie in zwei Farbgenen 
(vier einfarbigen und zwei heterozygotmarmorierten Typen) zu er- 
warten. 

Tabelle 5 zeigt die Spaltung in Fo ohne Berucksichtigung der ver- 
schiedencn Typen von Teilfarbigkeit. In bezug auf die Spaltung in 
Teilfarbigkeit, T — t. und den beiden Farbgenen C und G ist kurz fol- 
gendes zu entnehmen: Fiir die Spaltung Ganzfarbigkeit : Teilfarbigkeit 
finden wir 1091 T: 311/, also wahrscheinlich monohy bride Spaltung 
nach 3:1; D/m ist hierfiir 2,46. Fiir die beiden (ienpaare T — t und C — c 
bzw. G — g resultieren folgende Zahlen: 

Gefunden: 814 TC : 277 7 c : 246 /C : 65 tc 

Erwartel: 788,62 » : 262,8s » : 262 , hr » : 87,62 » 

D/m fiir 9 : 3 : 3 : 1 = + 1,37 + 0,97 — l,i5 — 2,5i 

Gefunden: 805 T G : 286 T g : 240 /G : 71 tg 

Erwartel: 788,62 » : 262,88 > : 262,88 » : 87,62 » 

D/m fiir 9 : 3 : 3 : 1 = + 0,88 + l,r>8 — 1,57 — 1,84 

Aus obigen Zahlen geht liervor, dass die In Frage slelienden Genpaare 
höchst wahrscheinlich unabhängig voneinander vererbt werden. 

Uber die Ausspaltung von verschiedenen Typen von Teilfarbigkeit 
in Kreuzung Nr. 25 gibl Tabelle 6 Aufschluss. Gleichwic in der vorigen 
Kreuzung Nr. 33 sind aucli hier acht verschiedenc Typen aufgenomnien. 
Unter diesen kommen die beiden Typen mil der grössten Ausbreitung 
des farbigen Teils vor, nämlich minimus und minor (siehe Fig. 11 und 
12). Erwähnt sei, dass beim minor- und mayor-Typus wie auch bei den 
iibrigen Typen der mittlere Same in den Figuren den häufigsten Typus 
repräsenliert; eine Ausnahme hiervon biidet der mm/mws-Typus, indem 
bei diesem der linke Same den häufigsten Typus darstellt. Linien der 
drei Typen minimus, minor und major habe ich seit mehreren Jahren 
gebaut und ihre erbliche Verschiedenheit mit Sicherheit feslstellen kön- 
nen. Um von der Variation des minimus-Typus eine Auffassung zu 
erhalten wurden die Samen von 17 Pflanzen, zusammen 1071, in t)ber- 
einstimmung mil der Ausbreitung der Farbe auf den drei in Fig. 12 
abgebildeten Samen sortiert und gezählt. Resultat: 809 Samen ent- 
sprachen dem Unken Samen, 222 dem mittleren und 40 dem rechten. 
Der Typus mit grösster Verbreitung der Testafarbe ist also der weitaus 
häufigste. 
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In bezug auf die Typen mit grosser Ausbreitung der Farbe, mini- 
mus, minor, major, sowic dem unten zu besprechenden maximus sei 
hervorgehoben, dass sie ohne und mit Fibula vorkommen kcmnen. Als 
Fibula bezeichne ich eine Aussparung der Testafarbe in der Nähe des 


TABELLE 6 . /% der Kreiizung Nr. 25: L 3 ans Leberfarbige X L 6 

aus Tres nain précoce. Die Anfspaliung der Teilfarbigen in die ver- 
scliiedenen Zeichnungstypen. 
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maximus, ausgespaltet ist. Dieser steht dem sellatoides-Typus (Fig. 13) 
am nächsten, der wiederum dem sellatus-Typus (Fig. 6) am nächsteu 
steht. Bei einem Vergleich des /naTijnu^-Typus (Fig. 24) mit den eben 
genannten bciden ergibt sich folgendes. Beim sellatoides-Typm hat sicli 
die Farbe des sellatus-Typus in der Form von kleinen Fleckchen 

von der Caruncula iiber das diesseitige Ende 
des Samens berabverbreitet und gicichzeitig 
ist die gleicbmässige Begrenzung des Satteis 
vom seliatus-Typus etwas unregelmässiger 
geworden. Beim maximus-Typus ist uber- 
Fig 23 Ein Same \om nii/ii- dies noch der Streiten v om starken virgar- 
mHs-'lyi)us ausgespalton in c«s-T>pus bin/ugekoiiimen und vielleicbt 

hat auch die Verbreitung der Farbe auf der 

gebtldel \on obon um dio hior 

deuilicli ausgobildole hhula 7 u ('aruncula-Seite eine Ahnung /ugenommen. 
zcigcn Vgl imubiigonFig 12 [)ie iibrigen in Tab. (5 autgenommenen Ty- 
pen smd bereits Iruher beschriebeii. Dem bipiinctatn-Typxxs ist bier 
em Fragezeichen beigegeben worden, da hier gewohnlicb eine scbwache 
Andeutung zu einem Streifen aut der Mikropylenseite v^orbanden war, 
weshalb cs vor Untersucbung einer weiteren Generation nicht siclier 
erscbien, ob es sich wirklicb uni diesen oder um eine Vananle des i>fr- 
gata-Typus bandelte. Scbliesslich sei erwähnt, dass die beideii Typen 

virgarciiH und virgata 
in je /wei Foimen 
autgetrelen sind.nain- 
lich teils mit dem 
Flecken v^om bipitnc- 
tat (i-Typus, teils mit 
dem Ziptel v om laci~ 
niata-Typus aut der 
Carunculaseite. 

Auf eine Diskus- 

r.g 24 Drn Snme» vom n,«x.n,uvlvpus, ausgespal sion derSpaltungSzah- 
ten m 1 2 von Kiouzung Nr 33 ^ ^ 

len soll hier gleich- 

wie in der vorigcn Kreu/ung wegen zu geringen Umfanges des Materials 
erst nach Erweilerung dieses eingegangen werden. 

Die beiden letzten Kreuzungen, Nr. 27 und Nr. 34, die hier erwähnt 
werden sollen, können, da sie in bezug auf die hier in Frage stehenden 
Eigenschaften gleiche Spallung aufweisen, gemeinsam behandelt wer- 
den. Diese beiden Kreuzungen haben den einen Elter, L 33 aus 
rinepuisable, gemeinsam Dieser Linie kommt die Formel pp TT ee 




Fig 24 


Droi Samon voin maximus "lypus, ausgespal 
ten m Fj von Kiouzung Nr 33 
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mmccJJGGBBVVrr zu; in bezug auf die Farbgene, das Grundgen 
fiir Teslafarbe sowie M siehe Lamprecht 1935, die Anwesenheit von 
nur eincm der beiden (irundgene fiir Tcilfarbigkeit in dominanter l'arm 
(T bzw. E) ergibt sich aus den folgenden Kreuzungsresiiltalen. Der 
zweite Elter in Kreuzung Nr. 27 war Linie 45, Teilfarbig voni sellatus- 
Typus mil Bister Testafarbe. Der zweite Elter in Kreuzung Nr. 34 
war Linie 10, eine Geschwisterlinie zu L 45 mit gleichen Sameneigen- 
schaften. Diesen beiden Linien ist also in bezug auf die Testafarbe 
folgende Formel zuzuerkeiinen: lU* tt ce mm CC JJ GG bh vo rr. Die 
Samen der (‘rsten Generation sollen also folgende Formel haben: Pp TI 
ee mm Cc JJ GG Bh Vv rr und daher ganzfarbig, helcrozygotmarmoriert 
Sehwarz/iiraulieh Indigo sein. Die Resullale haben dies l)estäligt. 

In der zweiten (ieneration haben wir demnach, abgesehen von 
Aufspaltung in verschiedene Typen von Teilfarbigkeit, eine Spaltung in 
fiinf versehiedenen (ienpaaren, der Kombinationszahl 1024 ent- 
sprechend, zu erwarlen. Die in den beiden Tabellen 7 und 8 hierfiir 
milgeteilten Zahlen zeigen, wie ersichtlich, mit der Erwartung durehweg 
befriedigende Cbereinstimmung. Mil llinsicht auf die den verschiede- 
nen Testafarben zukommende Konstitution verweise ieh auf Kreuzung 
Nr. 18 (Lamprecht 1933, S. 279—295), in der die gleichen Farben, 
aber ohne Teilfarbigkeit spalten. Im folgenden soll eine kurze Cber- 
siehl iiber die Spaltung der einzelnen Genpaare P~ p, C -e, B — b und 
V — V zusammen mit T t mitgeteilt werden. 


Kreuzung Nr. 27. 


(lelunden: 575 

77*': 173 

tP : 225 

(T + t]p 

Krwurtct: 547, ti 

» : 182,11 

; 243, r. 

» » 

l)/in fiir 

9:3:4^ + 1,7, s 

— 0,-n 

— l,;i,'> 


(lefundon: 454 

TC : 121 

Tc : 133 

tc : 40 tc 

Krwarlel : 420,",') 

» : 140,25 " : 140,25 

» : 46,75 » 

D/m fiir 

9:3:3;!=: + 2„-i6 

1,80 

4“ 0,08 

1 ,03 


Gefunden: 440 TB : 135 Tr : 125 t B : 48 tc 
Erwartet: 420,75 » : 140,25 » : 140,21 : 40,75 ^ 
D/m fiir 

9 : 3 : 3 : 1 = + 1,I2 


-~-0,l9 


-1,15 +0,19 
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TABELLE 7. F, der Kreuzung Nr. 27: L 45 sellatus-Typm X L SS mtt 

Gmzfarbig Schwarzl 


G a n 7- 


Nr. 

Schwarz 

SchiAarz/ 

Graulich 

Indigo 

marino- 

riert 

Kasta- 

nlen* 

braun 

Kastanien- 

braun/A|e- 

ratumblau 

marroo* 

riert 

Mineral- 

braun 

Mineral- 
braun/ 
Hhamnin- 
braun 
marmo- , 
riert 

3661 

9 

11 

1 

2 

2 

1 

7 

3662 

7 

8 

— 

6 

— 

5 1 

3663 .. 

4 

1 

2 

2 

1 

1 ' 

3664 

11 

11 

1 

4 

2 

1 

3665 

6 

19 

6 

5 

4 

5 

3666 

6 

20 

4 

3 

2 

2 

3667 

3 

3 

1 

1 

1 

1 

8652 

4 

11 

3 

3 

1 

4 

8653 

7 

15 

3 

2 

1 

3 

8654 

5 

10 

1 

2 

1 

1 i 

8655 

2 

9 


— 

— 

i 

8656 

4 

5 

2 

2 

1 

2 i 

8657 

8 

17 

1 

12 

— 

4 ' 

8658 

9 

13 

1 

12 

5 

3 

8659 

8 

22 

4 

6 

3 

4 

Summen : 

93 

175 

30 

62 

24 

42 ' 

Erwarlet; 

76,97 

153,93 

25,6(> 

51,31 

25,60 

51,31 1 

D/m fiir: 

81 : 

162 : 

27 : 

54 ; 

1 27 : 

54 : 1 

1 

! 1»»0 

1,86 

0,87 1 

1 1 ,54 

0,38 

1,34 

1 

1 

1 

T e i 1- 

3661 

4 

4 

1 

3 

2 

3 

3662 

1 

— 

— 

1 

2 

- 

3663 

— 

3 


— 


— 

3664 

1 

5 



1 

2 

l 

3665 1 

2 

6 

1 

2 

1 

— 

3666 



2 

1 

1 

2 

1 

3667 1 

1 

3 

— 

1 


1 

8652 , 

2 

3 

1 

2 


1 

8653 

4 

1 


l 


3 

8654 ' 

3 

2 

— 

2 


1 

8655 1 

2 



__ 

— 

— 

8656 1 

1 

2 

1 

— 

— 


8657 1 

3 

4 

2 

1 

3 

1 

8658 i 1 

5 

8 



1 



8659 : i 

l 

1 

— 

— 

— 

1 

Summen: 

30 

44 


im 

12 

13 

Erwarlet; 

25,eff 

51,31 



8,35 

17,10 

D/m fiir; 

27; 

54 : 



9 : 

18 : 


0,87 

1,05 


mm 

1,18 

1,00 
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l lnepuisable. Die Aufspaltung des Bastarden Pp CcJJ GG BbVvTt, 
Graulich Indigo marmoriert. 


t a r 1) 

i K e 

Kister/ 

1 




Summe 

(iniaiich 
Indigo 1 

1 

ttistcr 

Maisgelb 

marrao' 

Hliamniii- 

brann 

1 Ageratum- 
blau 

Maisgelb 

Kein- 
\\ eiss 



riert 


1 

! 



1 4 


1 


1 

' 1 

1 

30 

69 

, 1 

3 1 

1 

_ 

2 


12 

45 

1 3 

2 ' 

— 


1 

- 

13 

30 

1 

1 

2 

2 

4 

— 

11 

51 

6 


3 

- 


4 

16 

74 

7 

2 

3 

2 

' 1 

1 

22 

75 

3 



2 

1 

- 

8 

23 

3 

1 

3 

1 

3 

— 

9 

46 

5 

1 

3 

2 

4 

— 

27 

73 

5 


- 

1 

1 

— 

9 

39 

— 

i 

— 

1 

2 

1 

6 

21 

3 ' 

1 

— 

1 

, 2 

— 

6 

28 

4 


1 

1 

' 3 

— 

26 

80 

7 

- 

1 

1 

1 

1 

12 

66 

9 1 

— 1 


2 

3 1 

1 

18 

80 

61 

10 

18 

1 19 

32 

9 

225 

800 

76,97 

8,15 

17,1» 

25,66 

25,66 

8,5i 

243,25 

790,56 

81 : 

9 : 

18 : 

27 : 

27 : 

9 

256 

(832) 

l,eo 

0,10 

0,i2 

1,33 

1,27 

0,15 

1,35 

0,77 

1 a r b 

i g c 







2 

— 

1 

1 

1 _ 

- 

- 

21 

4 

2 


1 


1 

1 


3 

14 

2 

— 

3 

2 

, 2 

1 

- 

22 

2 

1 


— 

1 

1 

- 1 


11 

6 

14 

1 

1 

1 

2 

1 




3 


1 

1 

2 

— 1 


16 

1 

— 

1 1 

3 

4 

_ 1 

1 

— 

17 

3 

4 

1 

1 “ 

1 


1 

1 "" 1 


4 

20 

— 






i “l 

' 1 

1 

”* 1 

14 

4 

17 i 

3 

8 

0 

1 12 

2 



173 

25,65 

2,65 

3 : 

5,70 

8,53 

8,55 

2,85 


182,44 

27 : 

6 : 

9 • 

1 9 : 

3 : 


192 

1,73 

1 0,09 

0,97 

0,15 

1,52 

0,50 


0,77 
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Bis 

11 -.SS 

?|s 

8558 

8559 

i 8560 

8561 

1 8562 

85^ 

8564 

8565 

«DV 

8867 


Summen : 
Erwartet: 
D/m fur; 

8558 , 

8559 ' 

8560 1 

8561 

8562 

8563 

8564 

8565 

8566 

8567 

oSSJétS 
a "8 

H-Bi-OWB»*-- 1 *--IOlO 


Hk © NA 

c •• g 

CO^nJIOCOCOhJCO^BICO 

^ Bl 4h. ta 
p 

h» 

w o 

(OOCOlOOOOt-AOSBYtiN 


© itA Bl 
na na 

"lO • * «* 
ta « 

tO^HAlOHA IJnANA 

OOkO©HA55NA.^1tJB5W 

fc-k 50j*J »ti» 

to **1 

1 1 1 - 1 - 1 w 1 1 


]o tj 6o 5 

Vs • • 'oi 

w e 

NANAHkHkNANANAtOIOkH 

11 ! 
15,73 
18: 
1,20 

1 nnOCh^n* I 1 


Bl JA. 4n 
OltANjlO 

ä •* g 

to4ASto»tA4>^©aAto 

p 00 

»j 

*-* Hk NA 1,^ M* NA 1 1 NA 1 

H 

n 

lO toto 

©^ WBI 

g •* s 

1 ©Cd 1 to 10 Cd 10 10 ^ 

NA 

JO OOp 4 n 
5 ** w 

1 •lA.BlIOrfANArffcNAtONA 

H, 

Bl >(a^ 

© *tA N4 00 

N •• 'Vs 
o 

tO<IC0©©tol i^aSbi 



P 



IC o 

1 W*-BiCC*U 1 OiBiHA 

n 

© NAp 00 
'oo •• 'oo 
— o 

CdSocBi^©»tABiOOIO 

p W JO to 
'Vs V 

Ctl M 

-1 1 1 1 -11 1 

QP 

rt 

p ©MCC 
'<-••'00 

N* 

— 10 1 to CO AA 1 1 1 1 

OOSpCO 
*0 •• 'Vö 

08 *• 

MIMI - — 1 


HA Hk na 

OOOBIOO 
'ép •• -1 

00 ta 

HAt^,tl. 1 NAlOHAOi 1 *-* 


M 1 — 1 --I 


10 to to 

© <1 W Bl 

to Cd Bl 1 CO to 10 Bl Cd 1 

M •• 00 

to -J 



g •• § 


OtO <l<l 

1 — — tj— 1 — — 1 1 


©SSSSi 

HkOCÄtOIOi-^HkCdCOHA 

•- -j 



s •• "s 


N* 0010^ 

g**S 

11 M 1 -11 M 


-«<!«. 
0 •• 00 

04 -J 

Hkll k-tol 1 1 

1 1 1 1 

11 M M M M 


206 

223,75 ( 
256 ' 

1,37 


So)^ 

oto^to 
\ 2 

v<^^ao^Sae{^Öéa. 


723 

727,19) 

832) 

0,34 

giisgiSSJsSSft 


Z 


cr 

jS 


lich Indigo 
niariiioriort 


5*0 ?: 

^ « 21 
3 , P 

Kaslanien- 

braun/Agor- 

ntiiinblaii 

marmoriert 

>• 

tr r. 

-j a 

p ft 

3 £. 

Minernibraun/ 
Uhaiiinin- 
biaun 
nianiioilci t 


1^3 

CP 3* C ^ I 
O 


1 


s 

w* 

n 


3 05 

3. P op 2S ^ 

S 2 2. » 55* 
3. 3 cr 5‘ « 


e* 3= 
T 3 sr 

p -• M 

3 ? 3 


Sb» 

S?S 


QP 3: 

jss 

B* w* 


rt 2. 


w 

3 

3 

3 


TABELLE 8. Fs der Kreuzung Sr. 34: L 10 sellatus-Typiis y<i L 33 aus Vlnepiiisable. Die Aufspaltiing des 
Bastarden Pp Cc JJ GG Bh Vv Tt. Ganzfarbig Schwarz Graulich Indigo marmoriert. 
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Gefunden: 

453 

TV 

: 122 

Tv 

: 126 

tv 

:47 

to 

Erwartet: 

420,7:. 

> 

: 140,2.> 

>/ 

: 140,r. 


: 40,7:, 

» 

D/m fiir 









: 3 : 1 = 

“h 2 , 1 :. 


- 1,71 


- l,:ti 


i- 0,(14 





Kreiiz 

ung 

f Ar. :U. 



Gefunden: 

517 

TP 

: 172 

IP : 

206 

\T 

-f t}p 


Erwartet : 

503,11 

> 

: 107,81 

: 

226,7:, 


') » 


D/m fiir 









: 3 : 4 

+ 0,‘»i 


-)- 0,3(1 


— 1 ,:i7 




(lef linden: 

381 

TC 

: 130 

T c : 

132 

t<: 

: 40 

ic 

Erwartet : 

387,:.iJ 

, : 

: 129,1^ 

: 


> 

: 43,0(1 


D/m fiir 









: 3 : t _ 

- 0,5(. 


't 0,(.7 


0.:;7 

- 

~ 0,18 


Gefunden: 

414 

TB 

: 103 

Th 

: 143 

tB 

: 29 

tb 

Erwartet : 

387,r.(; 


: 129,10 


: 129.i<t 

> 

: 43,0(5 


D/m fiir 









: 3 : I = 

t 2.(1 { 


- 2, 


-j- 1 ,3.'» 


2.21 


(iefundeii: 

387 

TV 

: 130 

To 

: 129 

IV 

:43 

to 

Erwartet: 

387,'.(. 


: 129,10 


: 129,10 


: 43, o(. 


D/in fiir 









: 3 : 1 

0,(11 


^ 0,(is 


- 0,(12 


— 0,01 



Hei ciiicm Illick aul' die oben niilgeteilten Zahlen kann man nur 
711 eiiUMii Schluss gelanj^en, dass näinliri) die ludiandelton Genpaare 
mit ^rosser \\^ilirscheinlichkeil iinahhängig voneinander vererbt werden. 
Die angeriihrlen Zahlen bereehligen alterdings nur iinler der Vorausset- 
7ung zu diesom Schluss, dass das (irundgen fiir IVstafarbe nichl mil 
einem der in Rede slehenden Gene gekoppell ist, denn solchenfalls 
wiirde ein Teil einer oder gewisser Kombinationen in den Weisssamigen 
verborgen bleiben. Dies ist aJ>er sicherlich nicht der Fall. Dass P — p 
lind die drei l^"arbgene unalihängig vererbt werden. geht aus mehreren 
friiher veröffentlichten Untersuchungen hervor (Lamprecht 1932c und 
1933), und auch T ist sicherlich nicht mit P gekoppelt, da das (ienpaar 
T^t unter den farbigen Typen allein fehlerfreic monohybride Spaltung 
aufweisit. Hierfiir wiirde in Kreuziing Nr. 27 erhalten: 575 T : 173 t 
mit D/m == l,i8 und in Kreuzung Nr. 34: 517 T : 172 t mit D/m = 0 , 02 ! 

Die Teilfarbigen zeiglen in diesen beiden Kreuzungen eine kom- 
plizierte Spaltung in wenigstens zwanzig verschiedene Typen, von denen 
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eine Reihe auch bereits in F» untersuchl worden sind. Die Veröffent- 
lichung dieser Resultate soll, nach weiterer Komplettierung, einer kunf- 
tigen Arbeit vorbchalten bleiben. 


SUMMARY* 

1. In the introduction the author gives a survey of the distribution 
of the colours of the secd coat in Phaseolus vulgaris and arrives at the 
following grouping: 1. Wholly coioured, 2. partly coloured; each of 
these two groups being siib>divided into a) unicoloured, b) multicolou- 
red. The latter group is divided into: marbled (homozygously and 
heterozygously marbled or constantly and inconstantly marbled), 
streaked and sprinkled (a new type). In all groups there can occur 
caruncula stripe, corona, margo and micropyle streak. 

2. In the historical review the author then gives a crilical analysis 
of the results hitherto published in the lilerature with regard to the 
hereditary transmission of partial coloration, and in this connexion 
gives an account of the results obtained in seven crosses made by him- 
self between different types of partly coloured and wholly coloured or 
pure white races. On the basis of these results and those of earlier 
investigations the author draws the following conclusions. 

3. The formation of partly coloured seed coats takes place only if 
the two fundamental genes T and E are present in a double recessive 
dose: tt ee, With T or E Ihe seed coat will be wholly coloured. As far as 
their effect is concerned it has not been possible so far to differentiate 
these two genes. 

4. In the present work in all 17 hereditarily different types of 
partial coloration have been described and reproduced. In conformity 
with their coloration these various types, with the exception of those 
already denominated, have been given the following designa tions: 
arcus, bipunctata, diffuso, laciniata, lohata, major, maximus, minor, 
Piebald, sellatoidcs, sellatus, Speckled, unipunctata, virgarcus (two 
variations) and uirgata. 

5. In addition to the types included here the author is acquainted 
with several others not yet published so that the entire number of 
partly coloured types certainly amounts to at least 22, caused by at 
least four, probably five, different pairs of genes. 

6. Two of these pairs of genes have been designated Z — z and 
Bip — bip respectively. Z — z is the foundation of the segregation 1 
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sellatus (ZZ) :2 Piehald (Zz) : 1 virgarciis (zrl. Bip — bip is the basis 
of the segregation 3 virgarcus (Bip) : 1 bipunctata (bip), 

7. The investigation appears to produce clear evidence thal the 
differenl types of partial coloration are composed of parts, each one 
corresponding to a definite hereditary material. Hence, these causc the 
distribution of the eolour from various centres in the seed coat. The 
figures will clearly show this phenomenon. 

8. A specially interesting observation made is that in two of the 
crossings perfornied l)etween wholly coloured and partly coloured races 
a segregation of a noteworthy number of white-seeded plants has taken 
plaee, when such a segregation, in view of the genotypic constitution 
of the seed eoat eolour, was not expecled at all in one case or only in 
verv small numbers in the other. The author presumes that a certain 
eombination of genes of partial coloration or an arresting gene has 
prevented the formation of seed coat eolour. 

t). In connexion with the fundamental faetor for partial colora- 
tion, T— t (or E— c), the inheritance of the following pairs of genes has 
been examined: M — m, C—c\ G — g, B — b and V — v. All these, 

together with T —t, have shown free eombination (irrespective of in- 
heritance). Whether the dominating faetor in the individual cases was 
T — t or E — c could not be definitely determined. 
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BEITRÄGE ZUR KENNTNIS DER ZYTO- 
LOGIE DER RUBIACEEN 

VON fOLKE FAdEKLlNU 

STOCKHOLM 
(VorUuifif»!* Miticilunf{) 


D IE zylologischcn Verhällnisse der Faniilie Rubiacefie siiid bislier 
wenif» bekaniil. Die ersten ('Jiromosomenzahlen sind in der eni- 
bryologischen Abliandliing von Lloyd (1902) niilgeteilt worden. Lloyd 
gibi die Zahlen liir Asperula moutajui (n= 12) und fiir zwei Arten der 
Gattung Cruciauella (n 10) an. Die Zahl von Coffea wurde zu n — 8 
(von Faber 1912), die von Homtonin zu 0 = 10 (Stevens 1912) und 
die von zwei Oldenlaudui- Avien zu n = 9 bzw. 18 (Hagerup 1932) 
beslinunt. In einer kleinen vorläiiligen Mitteilung» teilt Homeyer 
(1932) eine ganze Keilie Zahlen, hauptsächlich fiir die Hubiaceen- 
(iruppe StelldUie mit. Weder die Angaben Lloyds noch die voN Fabers 
konnten von inir bestätigt werden und dasselbe gill fiir die Zahl 
IlOMEYERs, 11=11, fiir Phnopsis stylona, 

Seit einigen Jahren bin ich mit einer I nfersuchung der zytologi- 
schen und embryologischen Verhiiltnisse der Familie Ridyiacvde und 
vor allem der (iruppe Stelldtdv beschäftigl. Als Hesullat hat die zylo- 
logische Seile der llnlersuchung unter anderem einige interessante 
Fdiromosomenzahlen geliefert. Die untenstehende Tabelle enthält die 
Zahlen, die von mir als korrekt betrachtel werden. Die Initialen II und 
F nach den Zahlen geben an, ob IIomkyer oder ich die Zahlenbe- 
stimmungen gemacht hat, H & 'F, dass Homeyer und ich voneinander 
unabhängig die Zahlen gefunden haben. Nur die 2n-Zahl wird ange- 
geben, auch wenn die n-Zahl gezählt worden isl. 


Coffea arabica L. 

22 

H 

y > » 

44 

I*" 

V semicxcerta Colkbr. 

22 

H 

Pentas carnea Benth. 

20 

F 

Pliytlis nobla L. 

22 

F 

Spermacoce tenuior Gasrtn. 

28 

F 

Gardenia florida L. 

22 

F 

Psychotria undulata Miq. 

22 

F 
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Bouvardia corymbosa Humholdti 

36 F 


» 

hybrida 


36 F 


Oldenlandia capcnsis L. 


18 Hagerup 



senegalensis Hiern. 

36 


Iloustonia 

coerulea L. 


16 Stbvens 



Sherardia L. 



aruensis L. 



22 H&F 



Crucianella L. 



maritima L. 

22 H 

angustifoUa L. 

22 

glauca var. gilanica K. Sch. 

22 H 

graeca Boiss. 

22 

latifolia L. 

44 H&F 

aegypfiaca L. 

22 

Sintenisii 

22 H 

chlorostachys Fjsch. 

22 

imbricata Boiss. 

22 F 





Phuopsis Gris. 




stylosa Gris. 20 F 


Asperula L. 


moUuginoides Reicub. 

20 

F 

nitida S. S. 



44 

azurea JouB. & Spach. 

22 

F 

hexaphylla All. 



44 

setosa » » » 

22 

F 

tinctoria L. 



44 

montana Willd. 

22 

H 

cHiata Roch. 



44 

Neilreichii Reck. 

22 

F 

aspernma Boiss. 



22 

cynanchica L. 

44 

H&F 

glauca (L.) Bess. 



44 

aristata L. 

44 

F 

taurina L. 



22 

hirta Ramund. 

22 

F 

odo rata L. 



44 



Galium L. 





22 

H&F 





MoUugo L. 

44 

45 

H&F 

F 

purpureum L. 
saxatile L. 



22 

44 


66 

F 

pumilum var. balatonica Barb. 

44 

tyrolense W. 

44 

F 

anisophyllum Vill. 



44 

polonicum Blocki 

44 

H&F 

helueticum Weigel. 



66 

ocliroleucum Wolfn. 

44 

H&F 

trifidum L. 



24 

laevigatum L. 

Schultesii Vest. 

44 

66 

F 

F 

palustre L. 

1 

i 96 ? 

24 

(95) 

lucidUm All. 

1 22 

1 44 

H&F 

H 

uliginosum L. 



22 

44 

sp. aus Arkadien 

i 

22 

22 

F 

F 

boreale L. 



44 

66 

verum L. j 

44 

H&F 

physocarpum Ledeb. 



66 


66 

F 

rubioidea L. 

132? 

(134) 

ruthenicum WiLLD. 

44 

F 

Cruciata (L.) Scap. 



22 

firmum TSCH. 

22 

F 

vernum Scap. 



44 

flavescens Bor B. 

22 

H 

articulatum Roem. 



22 


H&V 

H 

I' 

F 

F 

F 

H & F 
H 


F 


F 

H 

F 

H 

F 

F 

F 

H 

F 

F 

H 

F 

F 

F 

F 

F 
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Fig. 1. Coffea arabica. — Fig. 2. Phyllis nobla. — Fig. 3. Gardenia florida. — 
Fig. 4. Spermacoce tenuior. — Fig. 5. Bouuardia corymbosa Humboldtii, — 
Fig. 6. Psycliotria undulata. — Fig. 7. Crucianella aegyptiaca. — Fig. 8. Asperula 
tinctoria. — Fig. 9. A, molluginoides. — Fig. 10. A. setosa, — Fig. 11. A. azurea, — 
Fig. 12. A. Neilreichii, — Fig. 13. A. nitida. 


Hereditas XIX. 


15 
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mccharatum All. 


22 H AF 

parisiense var. irichocarpum 


Vaillantii DC. 


20 F 

Tsch. 

66 F 

spurium L. 


20 F 

verticiilatum Danth. 

22 F 

sp. vom Richthofengebirge 

44 F 

murale (L.) All. 

44 F 

aparine L. 

1 66? 

1 88? 1 

(64) F 
(86) F 

graecum L. 

setaceum Lam. 

22 F 
r 22 F 



1 22 F 

1 44 F 

parisieme L. 


44 H & F 

I 66 F 

cassium Boiss. 

22 F 



Mericarpnea Boiss. 


Vaillantoides Boiss. 

22 F 




Vaillantia Tourn. 


hispida L. 


18 F 

muralis L. 

18 F 



Huhia L. 


cordifolia Hochst. 


22 F 

Olivieri Rich 

44 F 

tinctoria L. 


44 F 

chilensis MoL. 

22 H 

» var. iberica 


44 H 

peregrina L. 132? 

(135) F 


Callipcltis Stev. 

cucuUaria SxEV. 22 F 


Die jS/e//afcf-Rubiaceen werden also durch die Grundzahlen 9, 10, 
11 uiid 12 und durch eine ausgeprägte Polyploidie cliarakterisiert. Di- 
ploide, tetraploide, hexaploide, octoploide und dodecaploide Arten sind 
repräsentiert. 

Beim Studium der obenstehenden Chromosomenliste wird das 
Interesse auf einige Arten gelenkt, fiir die mehr als eine Cliromosomen- 
zahl angegeben worden ist, nämlich 


1 . 

Galium 

setaceum 

mit 

den Zahlen 

22 und 44 

2. 

» 

parisiense 

» 



22, 44 und 60 

3. 

» 

aparine 




66 und 88 

4. 

» 

horeale 


» » 

44 und 66 

5. 

» 

uliginosum 


» 

» 

22 und 44 

6. 


palustre 

» 


24 und 96 

7. 


verum 


» 


22, 44 und 66 

8 . 

» 

lucidum 


» 

» 

22 und 44 

9. 

» 

Mollugo 




22, 44 und 66 


Es gibt also niclit weniger als neun Ga/ium-Arten, von denen jcde 
durch Typen repräsentiert ist, die eine polyploide Serie bilden. Die 
Zahlen fur G. Mollugo sind sowohl in somatischen Zellen (Wurzel- 
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spitzen) als auch durch das Studium der Rcduklionsteilun^ bestimmt 
worden. Zufolge der Schwierigkeit eine octoploidc Art direkt aus eiiier 



Fig. 14. Asperula asperrima. — Fig. 15. A. taiirina. -- Fig. 16. Diploides Galium 
Mollugo. — Fig. 17. Tetraploides G. MoUiigo. — Fig. 18. Hyperletraploides G. Mol- 
lugo. — Fig. 19. Hexaploides G. Mollugo, — Fig. 20. G. Schultesii. — Fig. 21. Di- 
ploides G. verum, — Fig. 22. G. laevigatum. — Fig. 23. Diploides G. lucidum. 
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Fig. 24. Galium ruthenicum. — Fig. 25. G. purpur eum. — Fig. 26. G. saxatile, — 
Fig. 27. Diploides G. paluslre, — Fig. 28. G. trifidum. — Fig. 29. Octoploidcs 
G. paluslre (Metaphase mit stark geschwollencn Chromosomen) . — Fig. 30. Tetra- 
ploides G. boreale. — Fig. 31. G. physocarpum, — Fig. 32. G. rubioides, — Fig. 33. 
G. vernum. — Fig. 34. G. cruciata. 
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diploiden oder aus einer hexaploiden herzuleiten muss angenommen 
werden, dass es in der aparine-Serie auch diplokie und tetraploide und 
in der palustre-Serie tetraploide (und hexaploide?) Arten gibt. Des- 
weiteren gibt es vermutlich, wenn auch theoretisch nicht unbedingt not- 
wendig, ein diploides Galium horeale. In der Gattung Asperula können 
A. montana und A. Neilreichii als »Formen» von A, cynanchica be- 
trachtet werden und dies haben auch mehrere Systematiker getan; 
ausserdem kann möglicherweise A. asperrima als eine »Form» von 
A. glaiica aufgefasst werden. Es sollte also in der Gattung Asperula 
zwei ähnliche Serien geben. Dass die Serien nach oben durch die 
Zahlen 44, 66 oder 88 (96) abgeschlossen sind, braucht nicht der Fall 
zu seiii, auch braucht nicht angenommen zu werden, dass die poly- 
ploiden Serien jeder einzelnen Art der Stellatae mit den neun (elf?) bis 
jetzt gefundenen abgeschlossen sind. In der Gattung Galium (Stellata- 
(iruppc) macht sich also eine ausgeprägte Neigung zur Erhöhung der 
(ihromosomcnzahl innerhalb einer und derselben Art bemerkbar, eine 
Neigung, die bei keiner anderen Pflanzengattung beobachtet worden 
ist. Es ist möglich, dass es auch unter den iibrigen Rubiaceen ähnliche 
Serien gibt. Repräsentiert vielleicht Co f fea eine solche? 

Vorstehend ist angenommen worden, dass eine Art von ^wohl 
Diploiden wie Polyploiden repräsentiert wird, mit anderen Worteii, 
dass Autopolyploidie vorliegen soll. Ist das aber wirklich der Fall oder 
haben wir es mit Allopolyploiden zu tun, die durch Verdoppelung der 
(^hromosomen bei Bastarden zwischen einander nahestehenden aber 
doch verschiedenen Arten entstanden sind? Bezuglich der drei ersten 
Serien muss man unbedingt antworten, dass hier Autopolyploidie vor- 
liegt. In jeder einzelnen Serie sind nämlich die Polyploiden einander 
verbluffend ähnlich. Die hochpolyploiden sind hier durch Verdoppelung 
der Chromosomenzahl bei Arten mit geringer Variationsbreite entstan- 
den. Die (ilieder der sechsten bis neunten Serie variieren sehr stark, 
aber schon auf Grund der Autopolyploidie in den ersten Serien können 
wir vermuten, dass auch die letzteren durch Autopolyploide repräsen- 
tiert werden. Ausserdem stimmen die Aufteilungen in »Klein- Arten», 
die von Systematikern gemacht worden sind, nicht mit den Chronio- 
somenzahlen uberein. Wählt man z. B. G. Mollugo, so ist diese 
Linneanische Art etliche Male in mehrere »Arten» aufgeteilt worden. 
Die Aufteilung in die Arten G. Mollugo, elatum und erectum durfte die 
gebräuchlichste sein. Es gibt aber sowohl ein diploides wie ein tetra- 
ploides »G. elatumi^; von »G. Mollugo im engeren Sinne» gibt es I)i- 
ploide, Tetraploide und Hexaploide und von »G. erectum^ wenigstens 
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Tetraploide und Hexaploide. I)ie letzteren Serie durfte man sich also 
aus Autopolyploiden von Arten mit grosser Variationsbreite zusammen- 
gesetzt denken können. Die Annahme von Autopolyploidie bei der 
Stellatae erhält dadurch eine Stiitze, dass während der Reduktions- 
teilung Multivalente, weiin aucb in geringer Anzahl, auftreten. Dar- 
LINGTON und andere haben gefunden, dass Autopolyploide im Vergleich 
mit ihren diploiden Stammf ormen eine herabgesetzte Fertilität haben. 
Bei den Ga/ium-Serien isl das nicht der Falk was wohl von der njiedrigen 
Multivalenthäufigkeit abhängig sein durfte. Kreuzungsversuche, leider 
in zii kleinem Umfange ausgefiihrt um ein siclieres Resultat zu erzielen. 



Fig. 50. Hubia cordifoUa. — Fig. 51. li. pcrcgrinti. - Fig. 52. li. tinctoria. 


deuten darauf hin, dass die verschiedenen Polyploideii des G. MoUikjo 
vincompatibel» sind. Die Versuche werden fortgesetzt. 

In einer solchen Pflanzengattung wie Galium, wo der Einschlag 
von Autopolyploiden gross ist, kann das Entstelien von neueii allopoly- 
ploiden Arten in einer Weise gedacht werden, die meines Wissens von 
Zytologen und (ienetikern nicht beachtet worden ist. 

Bezeichnet man den ('.hromosomensatz des diploiden G. Molliiyo 
mit MM, so wird der des entsprechenden Autotetraploids MMMM, des 
diploiden G. verum mit VV, so wird der des entsprechenden Autotetra- 
ploids yVVy. Kreuzt man die diploiden Typen, erhält man den 
Bastarden MV, der natiirlich in F» aufspalten wird (wenn Fi fertil ist). 
Wenn jetzt aus irgendeiner Ursache eine Verdoppelung statlfindet, er- 
hält man die neue allotetraploide Art MMVV; dieselbe erhält man aber 
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schon in Fi, wenn man die tetraploiden Typen kreuzt. Demnach soUte 
also der Bastard zwischen den tetraploiden G. Mollugo und G. verum 
konstant werden und sich ganz wie eine Art verhalten. Allotetraploide 
Arten können also in Fx durch Kreuzung zweier Autotetraploiden 
entstehen. Die Hybridc Galium Mollugo X verum ist mit einem 
eigenen Artnamen (G. ochroleucum Wolfn., G. decoloram Gben.) belegt 
worden. Die Art hat, wie ich selbst gesehen habe, guten Pollen und 
gute Samenbildung. Homeyer gibt an, dass sie vollkommen normale 
Reduktions teilung hat und bezuglich der Keimkraft des Pollens und der 
Samen den Eltern nicht nachsteht. Die Zukunft wird zeigen, ob wir 
hier wirklich eine neue allotetraploide Art vor uns haben; wiirde dies 
der Fall sein, so ist zugleich die Autopolyploidie in der Gattung Gnlium 
vollkommen bewiesen. 

Kreuzungsversuche, die in kleinercm Umfange schon mit G. Mollugo 
und verum begonnen worden sind, diirften auch zur Lösung der Frage 
nach der vermuteten Entstehungsart der Autopolyploiden fiihren. 

Botanisches Institut der Hochschule zu Stockholm im November 
1933 . 
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ON THE ORIGIN AND PRESERVATION OF 

POLYPLOIDY 

BY OTTO HEILBOIiN 

STOCKHOLM 


I. INTRODUCTION. 

P OLYPLOIDY, or thc occurreiice of iiiultiple cliromosome sets iii 
organisms, is now a well-established faet in llic vegi^table kingdoni. 
However, tlie frequency of Ihis phenomenon is very different in llie 
various faniilies or groups of plants. Ainong animals polyploidy is 
almost absent. These peculiar differences betvveen the various groups 
of organisms required some explanation, and, in faet, since 1925 quite 
a series of such explanations have been put forward by various autbors. 
There lias also been some controversy as to the validity of the different 
opinions. To llie present writer the controversies do not, however, 
appear fully justified, and this for the following reason. Sonic of the 
hy polheses deal, principal ly, with the origin of polyploidy, others, again, 
with (he prcHenmiion of such polyploidy as has already arisen. Some 
deal mostly with animals, others with plants. A hypothesis dealing 
with one phase of the phenomenon does not necessarily exelude other 
interpretations that deal with other phases. In the following the 
various hypotheses on thc occurrence or absence of polyploidy iire 
being diseussed from the last-nientioned poiiit of view. 

With regard to their ancestry, polyploids may be diiided inlo two 
classes: aiitopolgploids and allopolyploids (Kihara and ()NO 1926). 
Also with regard to the mechanism of origin, polyploids may be divided 
into two classes: those due to somatic doubling (inclusive doubling in 
the fertilized egg and doubling in pre-nieiolic divisions), and those owing 
to failure of rediiction in gametogenesis. There is, perhaps, also the 
possibility of dispermic fertilization. For details the reader is referred 
to the recent works by Darlington (1932), Sansome and Philp (1932), 
WiNGE (1932) and Heilborn (1932 b). 

IL THE HYPOTHESES- 

The various hypotheses dealing with the differences in frequency 
of polyploidy in different groups of organisms shall now bc briefly 
considered, partly in chronological order. 
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First hypothesis. Muller (1925) advanced the idea that the sex- 
chromosome mechanism might be the cause of the almost total absence 
of polyploidy among animals. The sex-chromosome mechanism is 
assumed to act, chiefly, in two ways. A normal proportion between 
T-chromosome and autosomes is assumed to be a conditio sine qua non 
for a regular development of sex, and thus for sexual reproduction. 
This normal development is disturbed in triploids, hexaploids etc. 
where the ratk) of x to autosomes has been changed. In tetraploids 
and octoploids, on the other hand, the ratio of x to autosomes is icietained 
unchanged, and sex-development is normal. Tetraploids and octo- 
ploids, however, suffer from a second influence of the sex-chromosome 
mechanism: though they themselves are normally developed, all male 
sex-organs (in xxyg males and similar types) produce a great propor- 
tion of gametes with an abnormal equipment of sex-chromosomes. This 
is assumed to decrease the capacity of sexual reproduction in tetraploids 
and octoploids. 

According lo this theory, the most important effect of tlie sex- 
chromosome mechanism appears to be the elimination of all siich poly- 
ploids as develop into sterile hermaphrodites or intersexes, When poly- 
ploidy leads to hermaphroditism, it exercises thus a destructive effect 
on most animals, perhaps also on many liverworts (Heitz 1927), but 
gcnerally not on higher plants. 

It is a very noteworthy fact that parthenogcnesis is characteristic 
of most of the few polyploid animals known in a natural State. This 
is quite in accord with Muller’s explanation. Parthenogenesis has 
obviously facilitated the survival of these animals. 

Dioecism in polyploid plants may be of secondary origin, and does 
not constilute a reason for disproving Muller’s hypothesis. 

Second hypothesis. As a separate hypothesis may be regarded the 
brief statement by Federley (1932 a, p. 14) to the effect that the lack 
of polyploidy among animals may probably be due to the extreme 
rarity of self-fertilization — even among normally hermaplirodile 
animals. This rarity of self-fertilization probably acts in several ways. 
If unreduced gametes are formed, the fusion of two such gametes is 
made very improbable by the prevention of self-fertilization: hence, 
the origin of tetraploids is made difficult. If, on the other hand, tetra- 
ploids are once formed, they have generally originated as single indi- 
viduals and are, then, inevitably, fertilized by diploids: hence their off- 
spring consists mostly of triploids, and the tetraploids are unable to 
maintain themselves. 
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The prevention oi* self-lcrlilization inay be brought about not only 
by lack of hermaphroditism but also by tlie structure of Ihe sex-organs, 
or by factors of incompatibilily. It is not directly owing to ihe balance 
of sex-chromosomes. 

Third hypothesis, Tlie great iniportance of cell-consUmcy or eiitely 
for the differenl frequency of polyploidy ainong unimals and plants 
was first emphasized by Wettstein (1927, p. 328), and lias laler been 
more fully discussed by the present writer IHeilborn 1933). Eutely is 
regarded as the oulcoiiie of an equilibrium in tissues and organs, arising 
from the co-operation of cell and niiclcar sizes with rales of cell-division 
and organ-sizes. In aninials, these factors co-operate in such a way as 
to establish a high degree of constancy of cell-nuinbers in the various 
organs. In plants, again, this cell-constancy is, generally, niiich less 
pronounced, and a regulatory change in cell-number niay be achieved 
comparatively easily. 

In orgjinisins with a very decided cell-constancy a doubling of the 
chromosome nuniber and a corresponding increase in nuclear size and 
cell-size is bound to lead lo a heavy increase in organ-size and of ten to 
abnornial developnient. Wettstein's researches on mosses indicate 
that this has probably a lethal effect on many polyploids. This may 
account for a more or less complete extermiuation of polyploids among 
<mim(ds (where eutely is strong), Further researches into cell-constancy 
seem desirable. 

Fourih hypolhesis, Newton and Pellew (1929, p. 412) suggest 
the following explanalion. >11 does not appear that somatic doubling 
is more common in hybrids Ihan in pure-bred plants. It is possible 
that a reason for the greater commonness of polyploid series in plants 
than in animals is that, owing to their different mode of growth, such 
»mutated cells» are more likely to givc rise ultimately to germ cells>. 

According to this hypothesis somatic doubling might take place 
among animals about as often as among plants but the effect npon the 
animal germ-cells is supposed to be small. Hence, the origin of poly- 
ploidy hy weans of somatic doubling is rare among animals, The hypo- 
thesis relätes to somatic doubling only (not to failure of reduction) and 
does not, therefore, account for more than a minor part of the 
differences betwecn plants and animals. 

Fifth hypothesis, According to Artom (1928, citéd by Chiarugi 
1933, p. 15) autopolyploidy is the only form of polyploidy found among 
animals. The cases found are rare. One might suggest that these 
cases may be the results of somatic doubling; the scarcity of the phe- 
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nomenon is then in consonance with the hypothesis of Newton and 
Pellew. 

The possible conneclion between somaiic doubling and autopoly- 
ploidy may be explained in about tbe following way* Somatic doubling 
as a rule seems to occur with about the same frequency in hybrids as in 
pure species. Under natural conditions, however, indiuiduals of pure 
species are far more immerous than those belonging to hybrids. A 
process of somatic doubling, operating by chance, must, therefore, be 
assumed to give rise — still under natural conditions — to a certain 
number of autopolyploids but only rarely to ailopolyploids. According 
to all our experience from plant hybrids the production of unreduced 
gametes is, on the other hand, a special characteristic of hybrids and a 
comparatively rare event in pure species. The formation of polyploid 
of f spring through the failure of reduction is thus not a process operating 
by chance. On the contrary, it operates chiefly in hybrids, and gives 
rise to ailopolyploids. The conclusion is obvious: if a group of 
organisms shows a certain degree of autopolyploidy, but no allopoly- 
ploidy, the polyploids must be assumed to have originated byr somatic 
doubling. 

There is still another reason for regarding the few animal poly- 
ploids as the outcome of somatic doubling. It is a widely accepted view 
among botanists that parthenogenesis or apogamy among plants is 
especially common among hybrids. If the same holds good for animals, 
and if parthenogenesis is especially frequent in polyploids (conf. above), 
one must expect polyploid animals to be, preponderatingly, allopoly- 
ploids. This is not the case. 

With regard to Lepidoptera, many interesting details are to be 
found in a receiit siimmary by Federi.ey (1932 b). »Bei den Lepidop- 
teren werden wohl, soweit die Verhältnisse bis jetzt bekannt sind, die 
diploiden Gameten nicht die Möglichkeit haben, neue Arten zu bilden, 
sie sind schon bei ihrer Bildung dem Untergange geweiht» (p. 377). 
»Denn wenn es auch bekannt ist, dass viele Bastarde Spermien bilden, 
die tatsächlich einen vollständigen Chromosomensatz beider Eltern ent- 
halten, so ist bis jelzt kein einziges solches Ei gefunden worden» 
(p. 376). 

We conclude: polyploidy hitherto known among animals is auto- 
polyploidy, probably occasioned by somatic doubling; animal poly- 
ploidy as a rule does not occur through failure of reduction; animal 
allopolyploidy is as yet unknown. The extreme rar eness of animal poly- 
ploidy might thus be caused by the rareness, or lack of survival, of 
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iinreduced gametes in normnllg sexual animals, This is oiir fifth 
hypothesis. 

(lATES (1929, cited according to MCntzing 1933, p. 53) appears to 
support similar ideas. It is not improbablc that Ihe production of un- 
reduced gametes is, for some reason, rendered difficult among animals. 
It may especially be questioned wliether the maturation of the animal 
egg, wilh extrusion of polar bodies, can be changed in sucli a way as lo 
give rise to restitution nuclei (Rosenberg 192(5- -27). 

With regard to higher plants, one may ask in a similar way wliich 
type of embryo-sac is most likely to develop restitution nuclei, the 
normal» embryo-sac originated from a single tetrad cell, or ihe embryo- 
sac of »Lz7ium-type» into which all four cells of the megaspore tetrad 
merge. Nothing is as vet known on this suhject. Kxperiments with 
low temperatures might contribute to the elucidation of the problem. 

Sixth hypothesis, The writer has found the following cytological 
conditions in the genus Carex (Heilborn 1932 a, p. 142 f. ). ^/About 
70 species and forms have now been investigated - - , and all but 

one (C, glaiica) lack every trace of polyploidy >. This species is shown 
lo be autolelraploid. It seems safe to conelude that within the genus 
Carex aneuploidy is prevalent, while allo-polyploidy is lacking, and 
auto-polyploidy has so far been found in only one exceptional case'>. 
The autotetraploid Carex glaiica is supposed to have originaled throiigh 
somatic doubling. --- It should be added that IIakansson (1929) has 
found two races of Scirpiis pahistris, one wilh 19 chromosomes 
(haploid) and one wilh 8. The former appears to be a derivated auto- 
tetraploid. No further cases of polyploidy have been met wilh in the 
family Cyperaceae, 

The writer (1. c.) has tried to explain the peculiar lack of allo- 
polyploidy in this family wilh a reference to ils likewisc verv peculiar 
pollen formation. Of the pollen tetrads always Ihree cells degenerate 
and die, while only the fourth survives. > There is obviously a teiidency, 
of an unknown nature, for three quarlers of a pollen tetrad to dege- 
nerale, and this inherent tendency probably prevents the formation of 
unreduced pollen dyads in species hybrids» (1. c. p. 144). Hence, ,uich 
polyploidy as is oceasioned by the production of unreduced gametes is 
lacking. As unreduced gametes are, generally, not formed in pure 
species but, preponderatingly, in species hybrids, a lack of allopohj- 
ploidy will resnlt. It will be seen that this hypothesis does not differ 
inaterially from the preceding »fifth hypothesis». 

MDntzing (1933, p. 51) has argued against this explanation. There 
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are, tnainly, two objections: 1) »that unreduced female gametes may be 
formed which would suffice to produce allotetraploids»; 2) that »allo* 
polyploids just as well as autopolyploids might arise by somatic 
doubling». 

M(tNTZiNG’s objections do not, however, pay due regard to the 
frequency of polyploidy arising in different ways. If doubling of the 
chromosome number through failure of reduction occurs in the female 
gametes only, polyploidy arising in this way probably becomes rela* 
tively rare, while doubling in both sexes must result in much more 
frequeiit polyploidy. The rarity of polyploidy in Cyperaceae is thus in 
good consonance with the writer's hypothesis. The same holds good 
as regards M(^ntzing’s second objection. According to the aforesaid 
considerations somatic doubling must be assumed to give rise, prepon- 
deratingly, to autopolyploids. If in Carex 1 autopolyploid has arisen, 
through somatic doubling, among 70 species there is, perhaps, but 1 
allopolyploid to be found among 700 species. The chance of finding 
this allopolyploid is very small. It has not yet been found, though the 
possibility of its existence cannot be denied. The writer’s hypothesis 
is thus still in good accord with chromosome conditions in Cyperaceae. 

On the other hand, the application of M0 ntzing\s hypothesis of 
double fertilization (conf. below) meets with difficulties. M0 ntzing's 
own conclusion is guarded: »Thus, as far as the evidence goes the con- 
ditions in Carex are not in opposition to the theory that double ferti- 
lization and polyploidy in Angiosperms are causally connected». This 
may be true but it is nevertheless impoSvSible to explain the lack of 
polyploidy in Carex with the aid of this theory. For an explanation 
MCntzing himself resorts to auxiliary hypotheses. 

Seventh hypolhesis. MOntzing (1. c.) refers in this connection to 
the possibility of chromosome fragmentatioii through which original 
polyploidy might havc been obscured and levelled. Chromosome frag- 
mentation was suggested already by the present writer (1924) as a 
possible explanation in Carex, and this suggestion has later, to a certain 
extent, been confirmcd by Levan (1932, p. 276). 

On the whole it may be assumed that groups of organisms with 
ahundant chromosome fragmentation will show much aneuploidy (or, 
rather, disploidy according |o Chiarugi, 1. c.) and little polyploidy. 

Eighth hypothesis. Anotber suggestion has been made by Meurman 
(1929, p. 93). According to him aneuploidy in Carex might have arisen 
as a result of irregular meiosis in autopolyploids. This explanation is 
scarcely in good accord with facts. The single autopolyploid hitherto 
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found in Carex appears to have a very regular meiosis, and autopoly- 
ploidy seems, on Ihe whole, to be far too rare in this genus to account 
for the very frequent ancuploidy (or disploidy). On the other hand, 
Meurman\s explanation agrees with the writer’s in assuming allopoly- 
ploidy to be rare, or abscnt. 

As a rule it niay be assumed that groups of organisms showing 
autopolyploidy, but little tendency to allopoly ploidy, will exhibit aneu- 
ploidy, »In families on the other hand where tlie serial arrangemeiit 
of the chromosonie numbers is clear and the chromosome numbers 
constant, a strongly allopolyploid condition seems to be indicated 
(Meurman, 1. c.). 

Ni/il/i hypothesis, H. .1. Sax (1932) stiidied the chiasma formation 
of chromosomes in some (.onifers and found the terminalization of 
chiasmata during meiotic prophase to be small. At the same time the 
average number of (mostly inlersfitial) chiasmata per bivalent was 
regarded as relativcly high (about in two Larix-spvcies and one 
hybrid investigated). From Ihis the conclusion is drawn that >any 
autopolyploids produced would be expected to form closely paired 
tetravalenls. The segregation of homologous chromosomes in such poly- 
ploids would probably be too irregular to produce a higli degree of 
fertility, and the polyploid would have small chance of survival». This 
is supposed to explain, partly at least, the rarity of polyploidy in 
(lonifers. 

Sax's hypothesis refers solely to autopolyploidy and does not ex- 
plain the lack of allopolyploidy among Conifers. As allopolyploidy is 
by far the commoner type among plants — at least under nalural con- 
ditions — the hypothesis has no wide seope. Besides, it has no solid 
foundation in cytological faets. Dark (1932) found a vigorous termi- 
nalization in Taxns baceala and a decided reduetion of interstitial chias- 
mata. The average chiasma frequency per bivalent in Taxns is ahout 2 
and this is regarded as a quite ordinary frequency. The chromosome 
behaviour in (jynmosperms is said to be similar to that described in 
Angiosperms. On the whole there seems, therefore, to be little reason 
to seek the cause of the differences in the frequency of polyploidy in 
chiasma formation. H. J. Sax\s hypothesis presents, as is easily noted, 
a certain resemblance to Meurman’s. 

Tenth hypothesis, This is the explanation given by M(5ntzing 
(1930, 1933). According to him the double fertilization and endospermic 
development in Angiosperms lends to a regiilar chromosomal balance 
between embryo, endosperm and the surrounding tissue. If this balance 
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is disturbed, e. g. through Crossing, there are serious effects upon the 
offspring. There will be especially a high mortality among the young 
embryos. In this way aneuploid offspring is exterminated, while di- 
ploid and polyploid plants survive. Among animals, again, the endo- 
spermic mechanism is lacking. MDntzino regards this circumstaiice as 
»a main cause of the characteristic difference in frequency of poly- 
ploidy between animals and higher plants» (1933, p. 53). 

In the writer’s opinion, however, MCntzing has somewhat over- 
estimated the scope of his theory. His explanation accounts pretty well 
for the rarily of aneuploidy among higher plants, hut probably not for 
the rarity of polyploidy, particularly not the absence of allopolyploidy, 
among animals. It accounts nicely for the relative frequency of aneu- 
ploidy in Orchidaceae, where endospermic development is absent or 
feeble; but it does not account for the remarkable, stability of the 
chromosome set in Conifers where double fertilization is lacking. In 
the latter case one might just as w'ell have expected to encounter 
nunierous polyploid and aneuploid types; the stability in Conifers is 
no proof of MCntzing’s hypothesis. 

In his paper of 1930 (p. 169) MOntzing criticises Muller, but in 
the opinion of the present writer the two theories do not contradict one 
another. M0ntzing’s hypothesis trios to explain the eliminntion of 
aneuploidy among higher plants; Muller’s the elimination of poly- 
ploidy among animals. They do not preclude one another. 

Eleventh hypothesis. The doubling of the chromosome number 
generally leads to an inerease in nuclear size and cell-size, and then 
often to gigantism. This may have an injurious effeet on the poly- 
ploids. If special genes or genc-combinations exist which counteraet 
these effects of nuclear enlargement, polyploids may escape injury and 
survive. Darlington (1932, p. 207) thinks that »the failure of poly- 
ploidy to appear in many groups of flowering plants may be due to 
failure of such species to segregate or mutate to dwarfness». The genes 
for »dwarfness» might be imagined as affeeting all kinds of relations 
between chromosome number and phenotypic expression of size, even 
cell-size. Though this explanation may be true, there is little positive 
evidence in its favour. 

Twelfth hypothesis. Darlington (1932) has furthermore suggested 
that the chromosomes in some plant groups are too long to permit of a 
regular behaviour of the nuclei in a polyploid condition. Polyploid 
nuciei are supposed to be unable to behave normally, especially in 
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meiosis, when the chromosome length beconies excessive. This woiild 
explain the rarity, inler alia, of polypioidy in many genera of Liliacene, 

III. CONCLUDING REMARKS- 

As will be seen from the preceding account, there is a great diversily 
of opinion, and it is almost impossible to estimate propcrly the validily 
of the various views. The writer will, therefore, confine the following 
diseussion to a few additional remarks. 

The following hypotheses deal with the rarity of polypioidy among 
aninials: Nos. 1, 2, 3 (chiefly at least), 4 and partly 5 and 7. No. 10 
deals with the rarity of aneuploidy among Angiosperms. Nos. 6, 8, 9, 
11, 12 and partly 5 and 7 deal with the rarity of polypioidy within 
certain groups of higher plants. 

The following hypotheses are closely conneeted with the problem 
of the origin of polyploids by means of soniatic doubling or unreductjd 
gametes and the survival of the young embryos and larvae: Nos. 2 
(partly), 3, 4, 5, 6, 10 (partly) and 11. The following, again, deal, 
principally, with the preservation of such polyploids as have reached 
the adult stage: Nos. 1, 2 (partly), 7, 8, 9, 10 (partly) and 12. 

A prolific devxdopment of polypioidy, such as is found in many 
Angiosperm families, obviously requires a certain ainount of co-opera- 
tion of several simultaneous circumstances: 1 ) the occurrence of soniatic 
doubling or the produetion of unreduced gametes; 2) only a slight 
degree of cell-constancy; 3) possibilities for self-ferlilization; 4) capacity 
of enduring a change from separate sexes to hermaphroditisni; 5) double 
fertilization, parthenogenesis or other incompatibility barriers which 
prevent the swamping of the newly established polyploids by Crossing 
with the diploid parents; (5) favourable chromosome conditions that 
enable a regular meiosis in the polyploids. If one or more of these con- 
ditions fails, polypioidy becomes rare or maybe altogether lacking. 

Botanical Institute, University of Stockholm, January 1934. 
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UNTERSUCHUNGEN OBER ERBLICHE BLUT- 
GRUPPENANTIGENE BEI HOHNERN 

VON OLUF THOMSEN 

universitXtsinsti nn fOr allcjemeine pathologie, kopenhagen 


D er Ausgangspunkt fur die Untersuchungen war die Beobachiung 
(siehe Thomsen, Engelbreth-Holm und Rothe Meyer, 1933), 
dass das Serum vieler der mit Blut von ubertragbarcr Hiihnerleukose 
behandelten Tiere (ITiiliner) einen komplementbindenden Antistoff ent- 
hielt, wenn man als Antigen cine Aufschwemmung bzw. wässrigen Ex- 
trakt aus den infolge der Leukose erschienenen pathologischen hämo- 
globinfreien Zellen ( Ery tlirogonien, l£rythroblasten [Vorstadium der 
Erythrozytcn] ) benutzte. 

Diese Zellen lassen sich in verhältnismässig reinem Zuslande von 
dem ubrigen Blutc trennen, wenn das leukotische Huhnerblut nach 
Zusatz von Citrat zentrifugiert wird. Es samnielt sich alsdann an der 
Oberfläche des Zellenbodensatzes eine mehr oder weniger hohe, wesent- 
lich aus I£rythrogonien bestehende Schicht von rötlichgrauer Färbung 
(natiirlich enthält diese Schicht auch eine gewisse Mcngc, d. h. 5--- 10 
Erythrozytcn). 

Die Leukose (Erythroblastose) der Tiere war durch einmalige 
intravenöse Injektion von etwa 0,5 cem Blut von einem bereits leukoti- 
schen Huhn hervorgerufen worden. 

Es stellte sich nach verscliiedenen Ihilersuchungen, die anderswo 
besprochen werden (Thomsen, Engelbreth-Holm und Rothe Meyer, 
1934), heraus, dass der komplementbindende Antistoff nicht als spezifi- 
scher Virusantistoff zu bctrachten war, sondern als ein von typenfrem- 
dem Blut hervorgerufener Isoantistoff angesehen werden musste. Wie 
gesagt, hatten bei weitem nicht alle Hiihner, sondern nur knapp 20 
Proz. der behandelten Tiere solchen komplementbindenden Antistoff. 

Ausser diesem Antistoff wurde Agglutinin ermittelt, welches eine 
Erythrozylenaufschwemmung von normalen wie auch von leukotischen 
Tieren mit variierendem Titer von etwa 4 bis etwa 32 agglutinierte. 
Dieser Umstand gab die Anregung zu systematischer Untersuchung von 
Typenverschiedenheit bei Hiihner. Hieriiber liegen in der Literatur 
nicht viele Berichte vor. Die nieisten l^ntersucher haben ermittelt, dass 
bei Huhnern durch Kombination von Serum von einem Tiere mit einer 
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(diinnen) Blutkörperchensuspension von einem anderen Tiere gelegent- 
lich Interagglutination vorkommen kann (Näheres bei G. SchUtt, 1929). 

Es gibt kein präformiertes, klarcs Blutgruppensystem wie z. B. 
beim Menschen, und Interagglutination ist, wie gesagt, als Ausnahme zu 
betrachten. 

Dagegen liegen von Todd (1930) eingehende und systematische 
Untersuchungen iiber immunisaiorisch hervorgerufenen Isoantistoff bei 
Hiihnern vor. Unter 89 Huhnern unterschieden 87 sich in serologischer 
Hinsicht deuHich voneinander, und zwar in bezug auf die agglutina- 
torischcn Verhällnisse. Die Einspritzung von Blut von einem beliebig 
gewählten Huhn rief sozusagen ausnahmslos Agglutinin hervor, das das 
Blut des Spenders agglutinierte und in mehr oder weniger höhem Masse 
auch das Blut der allermeisten anderen beliebig gewählten Hiihner. 
Später haben Landsteiner und Miller (1924) Kaninchen mit Blut 
von einer Reihe Huhner und Enten immunisiert und dabei ebenfalls 
nachgewiesen, dass die verschiedenen Immunsera eine Reihe Aggluti* 
ninquoten enthalten, von denen eine oder mehrere fiir die allermeisten 
Tiere dcrselben Art wirksam waren, obwohl auf verschiedene Art und 
Weise, so dass nur spezifische Absorption das Verhältnis zwischen den 
verschiedenen Teilantigenen und den entsprechenden Agglutininquoten 
einigermassen zu erläutern vermochte, 

Jiingst haben Landsteiner und Levine (1932) gezeigt, dass nor- 
male Tiersera, aus denen das der Hiihnerspezies gemeinsame Hetero- 
agglutinin mit Hilfe von Blut einer einzelne Henne absorbiert worden 
ist, Blut von anderen Hiihnern ständig agglutinieren. 

Die verschiedenen Antigenkombinationen (Antigenmosaike), die 
das einzelne Tier charakterisieren, sind als erblich bedingt zu betrach- 
ten, ganz wie Bluttypenantigene bei Menschen und anderen Tierarten, 
obwohl es bisher nicht möglich gewesen ist, das Antigenmosaik der 
Huhner, wie beim Menschen, in bestimmten Gruppen oder vielmehr 
Typen unterzubringeii. Auf Grundlage des durch Interimmunisierung 
entstandenen, ausserordentlich bunten Biides äussert Todd, es sei an- 
zunehmen, dass die individuellen Unterschiede bei Huhnern anderer 
Art sein miissen als die Blutgruppenverschiedenheiten, die bei Menschen 
und bis zu einem gewissen Grade bei anderen Tieren nachgewiesen 
werden können. 

ScHiFF (1933) hat sicherlich recht, wenn er bemerkt, »ein zwingen- 
der Grund fiir diese Annahme liegt aber nicht vor». Bei Menschen 
kennen wir z. B., wenn das O — A — B-System (mit Teilung von A in Ai 
und Aa), das M — N-System und der P-Faktor beriicksichtigt werden, 36 
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verschiedene Typen (»Gruppen») bzw. Typenkombinationen, und die 
Zahl der Kombinationen wird sicli tiir jeden neuen Antigencharakter, 
der bekannt wird, verdoppeln, so dass man keineswegs mit besonders 
hohen Zahlen verschiedener Antigene zu rechnen braucht, um eine 
beträchtliche Anzahl Kombinationen zu erliallen, die dem Individuuni 
ein eigenarliges serologisches Gepräge verleihen können. 

Dass die Verhältiiisse bei Hubnern doch »bunt» sein musseii, er- 
liellt daraus, dass der Verfasser bei Immunisierung einer grösseri‘ii 
Reihe Huhner (etwa (>0) mit Blut von einem einzelnen beliebig gewätil- 
ten anderen Huhn in sämllichen Fallen Isoantistoff ermitlelte, der vor 
der Immunisierung niclit vorhanden war, dass der Titer des Antistoffes 
(des Agglutinins) aber hochgradig variierte, nämlich von 2 — 4 bis 
128 — 256, und dass dieser Umsfand als Atisdruck fiir die vorhandene 
mehr oder wcniger erhebliche Verschiedenhcil im Blutantigenmosaik 
von Spender und Empfänger aufzulassen ist. Je mehr dem Empfänger 
fremde Antigene im Spenderblute enthalten sind, um so mehr Antistoff- 
quoten werdeii im Serum des Empfängers zutage treten, und durch 
Summation der Tiler der verschiedenen Quoten erhäl! man den (i(*- 
samtantistoiTtiler gegeniiber dem Spenderbhile. Erst bei Absorption 
der verschiedenen Immunsera mit Blul von verschiedenen Iluhnern lernt 
man die Zusjimineusetzung des Antistoffes bis zu einem gewissen (irade 
kennen. Dabei slellt sich alsdann heraus, dass lediglich Blut von dem 
bei der Immunisierung als Spender benutzten Tiere imstande ist, nllvu 
Antistoff zu binden und (nach Zentrifugierung des Blutes) zu entfer- 
nen, währeiid durch Absorption mit Blut von anderen beliebig gewähl- 
ten Huhnern in der Regel nur ein grösserer oder kleinerer Teil des Anti- 
stoffes gebunden wird, der dem oder den Antigenen entspricht, welche 
mit Antigenen im Spenderblut identisch sind. Solche Antigene finden 
sich bei den Antistoff produzenten natiirlich nicht, denn ihr Felden ist 
ja gerade daran schuld, dass der Antistoff produziert wird bzw. frei 
im Serum des Produzenten enthalten ist. In bezug auf nähere ICr- 
läuterung wird ubrigens auf eine friiliere Arbeit von O. 'Fhomsicn, J. 
Engelbreth-Holm und A. Rothe Meyer (1934) verwiesen. 

Es ist zu betonen, dass wesentlich das nämliche komj)li7ierte Anti- 
genmosaik bei Huhnern ein und derselben sogenannten reinen Rassc\ 
wovon beispielsweise »Weisse Italiener», »Rhode Island Red» unter- 
sucht wordeii sind, angetroffen wird. Die Aufzucht der Huhner ist 
zwar nicht im Institut erfolgt, sondern bei Berufszuchtern, deren Ver- 
sicherung, die Rasse der Tiere sei seit mehreren Generationen »rein ^ er- 
halten worden, kein Grund vorliegt zu bezweifeln. Hiermit wird offen- 
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bar auf verschiedene augenfällige erbliche Charaktere abgezielt, wie 
z, B. Grösse und Form, Färbung des Gefieders usw., während unter 
der Homozygotie der Gene dieser erblichen Eigenschaften versteckt, 
cine lebhafte Ausspaltung der verborgenen Eigenschaften erfolgt, ins- 
besondere die Zusammensetzung der Blutantigene. 

In dem gegenwärtigen Material sollen wesentlich die das Blutanti- 
genmosaik betreffenden erblichen Verhältnisse erörtert werden. Es 
ist allerdings nicht gelungen, die Erbverhältnisse der verschiedenen 
Antigene zu verfolgen, die Untersuchungen sind, nach dem von Todd 
benutzten Verfahren, in mehr summarischer Weise angestellt worden. 
Der leilende (iedanke ist folgender: Die verschiedenen Antigene sind als 
erbliche Charaktere zu betrachten. Todd scheint von der Vorausset- 
zung ausgegangen zu sein, dass das Erscheinen des einzelnen Antigens 
ein dominanter Charakter ist; es ist aber schwerlich gerechtfertigt, dies 
von vorn herein anzunchmen — wie sich aus den folgenden Aus- 
fiihrungen auch ergeben wird. Nichtsdestoweniger ist es höchst 
wahrscheinlich, dass die Mehrzahl der uns interessierenden Antigene 
dominierend sind und somit bei der Nachkommenschaft erscheinen, 
wenn das betreffende Gen auch nur von dem einen Elter vererbt wird. 

Auch beim Menschen finden wir ja vorzugsweise dominierende 
Wirkung der Bluttypengene (Ai-B-M-N-P), andererseits kennen wir 
jedoch rezessive Eigenschaften wie die 0-Eigenschaft, die den jungslen 
Untersuchungen gemäss kaum als reines Fehlcn (von A und B) zu 
betrachten ist, sondern cine »positive» Eigenschaft sein muss, da wir 
Antistoff kennen, der mit 0-Substanz (dem »O-Rezeptor») elektiv 
reagiert, wie z. B. das sogenannte Extraagglutinin a o, das hin und 
wieder bei Individuen vom Ai- und AiB-Typus angetroffen und bei 
einigen Individuen gewisser Tierarten, insbesondere bei Rind und 
Kaninchen präformiert gefunden wird. Wir haben ausserdem ein Bei- 
spiel fur stufenweisen Stärkenunterschied zwischen den bcstimmten 
menschlichen Bluttypengenen. So dominieren das Ai- und Aa-Cien 
zwar beide iiber O (Aa allerdings schwächer als Aj, Ai und Ao sind 
aber bei weitem nicht gleich stark, denn Ai unterdriickt Aa, welches 
sich, der Familienforschung gemäss, zuweilen unter A, verbirgt. Auch 
B dominiert bis zu einem gewissen (irade iiber Aa, dessen entsprechende 
Rezeptoreigcnschaft im Typus AaB oft so schwach ist, dass der Typus 
sich, wenn die Untersuchung nicht mit ungewöhnlich starken Anti-A- 
Sera (Iso- oder Immunsera) angestellt wird, als B zu erkennen 
geben kann. 

Es könnte ja nicht wundernehmen, wenn bei Huhnern ähnliche 
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Stärkenunterschiede zwischeii den zu oiner Allelenj^ruppe gehörigeii 
Genen vorkämcn. Cbrigens isl vorderhand iinbckannt, welche (iene 
bei Huhnern allel sind, iind ebenlalls, wie viele Allelengruppcn es gibt 
und wie viele Gene die einzelnen (iruppen unifassen. 

Um das Verbältnis zwisclien Bliitantigenen von Kllern und Nach- 
koinmenschaft bei Hiihnern näher zu untersuchen, wurde >/polyvalen- 
tes» Imniunseruin licrgestellt. Achlzchn Iluhner wiirden jedes fur sich 
mit Blut von einem bcliebig gewä biten anderen Hiilin imniunisiert, 
d. h. die Zahi der Spender war ebenso gross wie die der b^mpfänger. 
Nach vollendeter linmunisierung (5 — 7 inlravenöse Injektionen von 
1 — 1,0 ccm Blut in /NNeitägigen Zwiscbenpausen) wurde das 'poly- 
valenle) Immunseruni durch Vennischung gleich grosser Mengen 
Serum von den iminunisierten Tieren liergeslellt. 

Die Inimunisierung wurde als vollendet betraclilet, weim der Ag- 
glutinintiler gegenul)er dem Spenderblule eine angeinessene Höhe, d. h. 
in der Regel 128- 25b, erreichl halte. 

Das polyvalente Mischsenim wurde mit physiologischer Kocbsalz- 
lösung ini Verbältnis 1 :3 verdiinnt und in der Dosis \on 1 2 ccm 
mit ^^4 Volumen Blut (zweimal gewasclienj vom Vater der /u imler- 
sucbenden Naclikommenschaft absorbiert. Die Absorplion miisste in 
der Regel 1 2mal wiederholt werden elie die Serunnerdunnung auf- 
hörle, mit dem Blute des Vaters Reaktion ( Agglutination) zu geben. 
Nach der Absori)lion war der Titer gegeniiber dem Blute der Nach- 
kominenscliatt nalurlich mehr oder wcniger beträclitlich herabgeselzt. 
denn diejenigen Anlist()lf(|uoten, welche vom Valer ererbten Antigenen 
im Blute des >^Kindes entsprachen. wurden durch Absorption mit dem 
Vaterblute entfernl. 

Kbenso ging es, wenn Miscliserum zuersl mil dem Blute der Mutter 
absorbiert wurde (die Absorption wurde hier ebenlalls ^^iederholt, bis 
das Serum nicht länger mit dem Blute der Muller reagierle). Der Titer 
wurde dadurch gegenuber Blut vom Kinde herabgeselzl. Fand die 
Absorplion endlich erst mit Blut von dem vmen und danach mil Blut 
von dem anderen Eller (oder gleichzeitig mit Blut von beiden ^ Eltern) 
statt, so war zu erwarten, dass das Serum alles Agglulinin gegenuber 
dem Blute der Nachkommenschaft eingebiisst hatte, vorausgesetzt 
naturlich, dass jedes einzelne Antigen bei der Nachkommenscliaft ein 

^ Gewöhnlich wurde die Absorplion mil Blut von Valer und Mutter getrennl 
ausgefuhrt, und zwar u. a., weil ein und derselbc llahii Valer mehrerer Bruten von 
Nachkommenschaft, die Muller aber verschieden waren. 
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Erbe vom Vater oder der Mutter, von einem einzelnen Gen abhängig 
(heterozygot) war. 

Insgesamt wurden 33 aus Vater, Mutter und 1 — 11 Nachkommen- 
schaftsindividuen bestehende Huhnerfamilien untersucht. Das Mate- 
rial stammt aus drei verschiedenen Huhnerziichtereien, wo rationelle 
Zucht mit genauer Kontrolle und Buchung der Abstammung jedes ein- 
zelnen Tieres seit Jahren getrieben wird. Die betreffenden Ziichter 
waren dem Verfasser als ausserordentlich gewissenhafte und persön- 
lich interessierte Leute bekannt und es unterliegt keinem Zweifel, 
dass die angegebenen Vorwaiidtschaflsverhältnisse durchaus verbiirgt 
sind. 

Nach Hiitcrsuchuiigen von G. S. Chlebaroff (1930) u. a. legt eine 
Ilcnne im Höchstfalle 19 Tage nach der Kopulation befruchtete Eier, 
und diese Frist wurde in sänitlichen Fallen' beträchtlich uberschritten, 
elie die betreffendc Henne mit dem als Vater der Nachkommenschaft 
gebuchten Halm zusammengebracht wurde. Um eine Verwechslung 
von Eiern zu verhuten, wurden besondere »Nester» hergestellt, die von 
der Henne aufgesuchl wtrden, wenn sie ein Ei legen soll. Sobald die 
Henne auf dem Neste liegt, schliesst sich automatisch eine Falltiir und 
sie muss im Neste bleiben, bis sie mit dem Ei zusammen gefunden wird. 
Das Ei wird alsdann sorgfältig geniarkt. Auf die Weise miisste in 
jedem lunzelfalle Siclierhcit för Vater und Mutter wie auch fur jedes 
Kind erzielt werden. 

Nachdem das polyvalente Mischserum durch Absorption von Ag- 
giutinin fur Blutkörperchen des Vaters wie auch der Mutter entleert 
worden war, wurde das Serum gegenuber allen Nachkommenschafts- 
individuen gepruft und die agglutinierende Fähigkeit des Serums zur 
Kontrolle gegenuber einigen oder mehreren Kindern aus anderen 
Familicn in jedem einzelnen Falle untersucht. 

Wie gesagt, umfasst das Material drei Serien (von verschiedenen 
Zuchtern). In Serie t gehören beide Eltern zur Rasse Rhode Island 
Red; sie umfasst 5 Familien, in welchen der Vater derselbe ist, während 
die Mutter verschieden sind, sowie 3 Familien mit einem anderen 
Vater und verschiedenen Muttern. Die Nachkommenschaft in den 
funf Familien zählt 2, 2, 4, 5 und 2 Individuen und in den drei Familien 
3 bzw. 1 und 2 Individuen. 

Die Agglutinintiter gegenuber dem Blute der verschiedenen Spen- 
der variierten zwischen 32 und 128 — 256. Das betreffende Mischserum 
bestand aus gleich grossen Mengen der verschiedenen »monovalenten» 
linmunsera. 
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Der Agglutininliter wurde folgendermassen gemessen. 

Eine Reihe Zwergreagensgläser wiinleii jt» mil 0,1 ccm Serum bzw. Serumver- 
diinnung beschickt, uiid zwar unverdunnt (Vi) im ersten Glas iind in den folgenden 
V 2 , Vs, Vio usw. Den sämtlichen Gläserri wurde sodann 0,1 ccm eincr 1—2 %-igen 
Aufschwemmung der zcnlrifugierlen und gewaschenen Blulkörperchen (in physiologi- 
scher Kochsalzlösung) von demjenigcn Tierc zugesetzt, dessen Titer bestimmt wer- 
den solltc. Nach dem Umschulteln wurden die Gläser bei Zimnierlemperatur stehen- 
gelassen und nacli 16 18 Stunden mit der Loupe abgelesen. Der rcziproke Wert der 

Scrumkonzentration im letzten Glas mit noch erkcnnbarer (schwacher) Agglutination 
gibt den Titer an. (Bei Isoagglutination von Hulmerblut wird das Titermaximum 
recht langsam errcieht. Häulig ist der Maximaltiter nach 2—4 Stunden noch nicht 
erreichl. Deshalb wurde die lange Frist von 16 — 18 Stunden gewählt.) 

I)as in Serie 1 der Versuclie erzielte Resullal war folgendes. Vor 
der Absorplion wies das polyvalente Mischserum, dessen Starke gegen- 
iiber den sämtlichen Tieren der Serie, d. h. FUlern wie auch Nachkom- 
nien bestimmt werden solltc, die Titerzahlen 54- 128 — (256) auf. 
Nach Absorption mit demi Blute des Vaters allein ging der Titer fiir 
die Kinder durchgehends aul 32- -64, also ungefähr die Hähte des ur- 
spriinglichen Wertes herab, und dies war durchgehends auch der Fall 
nach Absorption mit dem Blute der betreftenden Mutter allein. Dem 
Blute einz('lner Kinder gegeniiber fiel der Titer allerdings elwas mehr 
(bis 8 — 16), in keinem einzigen Falle tiber war Absorption mit dem 
Blute des cincn Klters allein imstande, alles Agglutinin zu entfernen. 

Nach Absorption init dem Blute heider Eltern fiel der Titer fur die 
sämtlichen 2/ Kinder in der Serie auf O \ während das Serum fiir die 
meislen Blutproben von nicht zu der betreffenden Familie gehörigen 
Tieren noch 8 — 16 aufwies. Wie vorerwähnt, reduzierte Absorption 
mil IBut von dem einen Elter allein den Titer fiir die Nachkommen- 
schaft auf ungefähr die Hälfte des urspriinglichen Wertes, woraus sich 
ergibt, dass ungefähr die Hälfte des Antistoffes in dem benutzten Im- 
munserum dem vom Vater ererbten und die aiidere Hälfte dem von der 
Mutter ererbten Antigen entspricht. Fiir einzelne Kinder fiel der Titer 
allerdings nach Absorption mit dem Blute des Vaters oder dem der 
Mutter allein auf 16 oder gar 8, d. h. auf des urspriinglichen Wertes. 

^ Es faml sicli allerdings eine sclieinbaro Ausnahmc, denn nach Absorplion mit 
dem Blute der beiden angcblichen b3lern wies das Serum ständig den Titer 16 fur 
Blut von einem zu der Familie gehörigen Kinde auf. Bei näherer Prufung slellte 
sich jedoch heraus, dass zwei der Zahlen, womit die Tiere bezeichnet waren, falsch 
gelesen worden waren. Als der Fehlcr berichtigt war, verschwand die Ausnahme 
und der Agglutininliter fur dies Ticr fiel nach Absorption mit dem Blute der wirk- 
lichcn Eltern ebenfalls auf 0. 
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In diesen Fällen, wo Äbsorption mit dem Blute des einen Elters allein 
so grosse Wirkung hatte, wirkte Äbsorption mit dem Blute des anderen 
Elters nur wenig reduzierend auf den Titer gegeniiber dem Blute des 
Kindes, und daraus scheint hervorzugehen, dass das Antigen nicht 
immer ein von beiden Eltern gleichmässig uberkommenes Erbe ist. 
Wie gesagt, war dies aber nur ausnahmsweise der Fall (3 Fälle im 
ganzen). 

Serie 2 ist am grössten und umfasst 19 Familicn mit insgesamt 
57 Kindern. In der Serie sind 2 Väter und 19 Mutter. Die Zahl der 
Kinder variicri in don verschiedenen Familien zwischen 1 und 11. Es 
ist iibrigcns zu bemerken, dass die beiden Väter in dem Versuch Halb- 
bruder sind (derselbe Vater). Die Hennen 408 und 409 sind Halb- 
schwcstern (derselbe Vater). Die iibrigen Tiere sind zwar miteinander 
verwandt, aber so entfenit, dass Angaben dariiber nicht gemacht wer- 
den können. 

Das Ilauptresultat ist aus Tabelle 1 ersichtlich. Wie man sieht, 
hat Aggliitination des Blutes der NachkommenscJiaft nach Äbsorption 
mit dem Blute beider Eltern ausgenomnien in cineni Falle, Halm 5 X 
Henne 408, gänzlich aufgehört. Diese Ausnahme (2 von 6 Kindern) 
wird naclistehend erörtert. Zum Vergleich mil der Wirkung des Serums 
auf Biut von Nachkoiimicnschaft der betreffcnden Familien wurden 
fur jede Familic Blutprobcn von beliebigen, ans anderen Familien 
stammenden Tieren in den Versuch einbezogen. Wie man sieht, hat 
das Serum seine agglutinierende Fähigkeit gegenuber dem Blute dieser 
fremden Tiere in der Regel behalten, obwohl aiich einige vorkommcn, 
die sich verhallen als ob sie zu derjenigen Familie gehören, die in dem 
betreffendeii Falle gcpriift wird. Dies kann durchaus nicht wunder- 
nehmen, da säinlliche Tiere in erbmässiger Hinsicht mehr oder weniger 
miteinander verwandt sind, die allermeisten haben ja z. B. denselben 
Vater (Halm 4). Das, worauf es in dem Versuch ankommt, ist die 
Frage, ob das Blut der Nachkommcnschaft nach Äbsorption mit dem 
Blute beider Eltern im Serum siets inagglutinabel wird. Ehe dies näher 
erörtert wird, soll dic dritte und letzte Serie kurz besprochen werden. 

Serie 3 umfasst 6, aus 4 Vätern, 6 Muttern und 17 Kindern beste- 
hende Familien. Die Proben wurden den vorstehcnd geschilderten 
völlig analog ausgefuhrt. Das Ergebnis war mit einer einzigen Aus- 
nahme, dass durch Äbsorption mit dem Blute der Eltern alles Ag- 
glutinin fur das Blut der Kinder entfernt wurde. Es handelte sich um 
eine Familie mil drei Kindern. Zwei davon zeigten nach der Absorp- 
tion keine Agglutination, während das Blut des dritten Kindes ständig 
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mit Titer 8 agglutiniert wurde. (Da das Mischserum vor der Absorp- 
tion im Verhältnis 1 Teil zu 3 Teilen Kochsalzlösung verdunnt worden 
war, ist diesem Umstande in dem angegebenen Titer, der 2 betrug, 
Rechnung getragen; mit der Zahl des Verdunnungsgrades multipliziert, 
ergibt sich somit als tatsächlicher Titerwert 8.) 

Während durch Absorption mit dem Blute beider Eltern demnach 
regelmässig alles Agglutinin fiir das Blut der Kinder entfernt wurde, 
wurden in einem, 33 Familien mit zusammen 95 Kindern umfassenden 
Material insgesamt drei Ausnahmen angetroffen. Es erhebt sich nun 
die Frage, wie diese Ausnahmen zu erklären sind. Die Möglichkeit 
eines Irrtums ist, wenngleich kein Anhaltspunkt dafur vorhanden ist, 
naturlich nicht ganz von der Hand zu weisen. Todd hat drei Familien 
(rote bzw. weisse und blaue Familie benannt) mit insgesamt 51 Kindern 
untersiichl und bei diesem Material in der »blauen Familie» eine 
Abweichiing (No. 9) ermittelt, weshalb er vermutet, dass in diesem einen 
Falle eine Verwechslung stattgefunden hat, ohne dass die Angaben 
aber einen Anhaltspunkt dafiir bieten. Todd fand ausserdem, dass das 
Agglutinin nach Absorption mit dem Blute der beiden zur »weissen» 
Familie gehörigen Eltern vollsländig verschwand, und zwar nicht allein 
fiir die Nachkommenschaft in der »weissen», sondern auch fiir Nr. 9 
(die Ausnahmc) in der »blauen» Familie. Es ist allerdings fraglich, 
ob man diesem Umstande viel Gewicht beilegen kann, denn mein 
Material (Tabelle 1 ) zeigt, dass es hin und wieder vorkommt, dass alles 
Agglutinin auch fiir das Blut von Tieren ausserhalb der betreffenden 
Familie entfernt wird. 

Man kann deshalb auch schwerlich von der Voraussetzung aus- 
gehen, dass durch Absorption mit dem Blute der Eltern in allen Fällen 
alles Agglutinin fiir das Blut der sämtlichen Kinder entfernt wird, weil 
sämtliche Antigene alsdann den Charakter erblich dominanter Eigen- 
schaften haben miissten, denn nur in solchem Falle ist das Vorhanden- 
sein eines Antigens beim Kinde gleichbedeutend damit, dass mindestens 
einer der Eltern dasselbe Antigen hat. Es wäre ja aber auch sehr wohl 
denkbar, dass es Antigene mit rezessivem Charakter gäbe, so dass das 
Antigen sich beim Kinde nur entwickelt, wenn eine (verborgene) Anlage 
dafiir von beiden Eltern ererbt ist. Es ist auch denkbar, dass es Anti- 
gene gibt, die komplementäres Erbe erfordern, so dass das Antigen bei 
keinem der Eltern, von denen angenommen werden kann, dass sie 
Träger von Teilanlagen sind, angetroffen wird. Schliesslich könnte 
von multiplen allelen Genen von untereinander verschiedenem Stärke- 
verhältnis die Rede sein. Wenn A — ^B — C — D beispielsweise Gene in 
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einer Allclengruppe sind, wo A und B stärker sind als C und D, so wäre 
denkbar, dass der eine Eller A und C und der andere B und I) in der 
Allclengruppe hatte, und wenn A und B die Wirkung des allelen Gens 
(d. h. das Erscheinen eines cnlsprechenden Antigens) unterdriickte, so 
könnten die Eltern die Antigene A und B liabcn bzw. das Kind C und 
D als Erbe erhalten. Wenn dieselben im Stärkenverhältnis nun gleieh- 
wertig wären, so wäre zu crwarten, dass zu>ei den Eltern fehlende Anli- 
gene beim Kinde erschienen oder, wenn das eine (ien das andere unter- 
druckt, nur ein neues Antigen. Da von diesen Möglichkeiten, obwohl 
sie nur hypothetisch sind, keineswegs gesagt werden k ann, sie seieii 
unwahrscheinlich, so wäre eher zu erwarlen, dass Ausnahinen von der 
zweifelsohne bestehenden Reg(d eintreten können. Die Untersuchungen 
ergeben aher einwandfrei. dass die ineisten heiin Kinde vorkommendeii 
Antigene jedenialls hei dem einen Elter vorhanden und direktes (domi- 
nantes) Erbe sind. Vielleicht wären epistatische und hyposlalische 
(iene auch in Belrachl zu ziehen. 

Abgesehen von dem theoretischen Interi^sse, welches die l iiler- 
suchungen bieten, können sie möglicherweise zur Klärung von Ab- 
stammungsverhältnissen auch in Fällen, wo dieselben unsicher sind, 
praktische Bedeutung erlangen, da fortgesetzle Agglutination des Blu- 
tes des Kindes nach Absorplion mit dem Blute der Eltern es zweifelhafl 
machen muss, ob das angenommene Elternverliältnis richtig ist, uiul 
folglich zu näherer Nachforschung anregen. 

Leider ist es ja nicht möglich, das einzelne Antigen aus dem Mosaik 
zu isolieren und so einen isolierten spezilischen Antistoff hervorzu- 
bringen. Dagegen ist es möglich, ein anderes als das bisherige Verfahrcm 
einzuschlagen. In Fällen, wo die Abstammung als völlig sicher betracli- 
tet werden kann, könnte man beide Eltern mit Blut vom Kinde immuni- 
sieren. Wenn danach beim Vater Antistolf erschiene, der sich vom 
Blute der Mutter nicht absorbieren liesse, und nach Immunisierung 
der Mutter umgekehrt Antistoff, der vom Vaterblutc nicht gebunden 
wurde, so muss dieser Antistoff von Antigen hervorgerufen worden sein, 
das, wie vorerwähnt, auf die eine oder andere mehr komplizierte Weise 
als Erbe auf das Kind iibergegangen ist. 

Eine Frage methodologischer Art ist in Betracht zu ziehen. Es 
ist nicht ausgeschlossen, dass dem Antigenmosaik eines bestimmten 
Tieres ein oder mchrere selten vorkommende Antigene innewohnen, fiir 
die in dem benutzten >'polyvalenten» Immunserum kein Antistoff vor- 
handen ist. Ein solches Antigen ist demnach nicht nachweisbar, und 
da gerade anzunehmen ist, dass die bei kompliziertem Erbe (komple- 
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inentär usw.) entstelienden Antigene selteii sind, ist es sehr wohl denk- 
bar, dass es in dem zur Immunisierung benutzten Blute nicht enihalten 
ist. Dadurch wird der Anschein erweckt, als ob durch Absorption mit 
dem Blute der Eltern alles Agglutinin fiir såmtliche Antigene des Kindes 
entfernt wiirden, was in Wirklichkeit nicht der Fall ist. Um Bedeutung 
zu haben, muss das »polyvalente» Jmmunserum deshalb Antistoff mög- 
lichst fur alie in der betreffenden Art vorhandenen Antigene enthalten. 
Selbstredend busst der > positive» Umstand, restierendes Agglutinin fur 
das Blut des Kindes nach Absorption mit dem Blute der Eltern, seine 
Bedeutung nie ein, der »negative» Umstand, keine Reaktion, hat aber, 
so lange man nicht weiss, ob Immunserum Antistoff fiir sämtliche Anti- 
gene im Antigenmosaik der Tierart enthält, stets nur relativen Wert 
und es wäre ja möglich, dass man mehr Abweichungen von der Regel 
erhielte, wenn man iiber das ideale Immunserum verfiigte. 

Der Verfasser hat deshalb auf anderem Wege polyvalente Immun- 
sera hergcstellt, die möglicherweise mehr differenzierende Resultate 
Jiefern werden. Vier (iruppen von je vier Huhnern wurden immuni- 
siert, und zwar Jede Gruppe mit Mischblut von vier Spendern. Dadurch 
werden jedenfalls Irnmunsera mit vicl höherem Titer erzielt, als wenn 
jedes Tier mit dem Blute eines einzigen Spenders immunisiert wird. 
Dabei stellte sich lieraus, dass der Titer fiir das Spenderblut bei einigen 
der immunisierten Tiere etwa 5000 belrug und fiir die sämtlichen vier 
Spender, deren Blul 711 gleichen Teilen vermischt zur Iimnunisierung 
benutzt worden war, seltsam genug nahezu der nämliche war. Ob 
dadurch qimlitativ aber wesentlich mehr zu erreichen ist als durch 
Immunisierung jedes Tieres mit einem einzigen Spender, mag zweifel- 
halt sein. Die Analysc wird in einer später erscheinendeii Arheit näher 
erörterl werden. 

A. Wiener (1933) hat in einer jungst erschienenen Arbeit festzu- 
stellen versucht, wie viele verschiedene Agglutinogene im Blute der 
lliihnerspezies wahrscheinlich vertreten sein mussen. Wiener selbst 
hat keine Untersuchungen unternoramen, sondern er hal die Frage auf 
(irundlage von Todds Untersuchungen in scharfsinniger Weise zu lösen 
gestrebt. In den von ihm untersuchten drei Hiihnerfamilien hat Todd 
Absorption von Portionen des »polyvalenten» Misch-Immunserums mit 
Blut von jedem einzelnen Mitglied der Familie (Väter, Mutter und 
jedem einzelnen Kinde) ausgefiihrt. Nach der Absorption wurde das 
Serum auf Agglutinin gegeniiber Blut von jedem einzelnen Mitglied 
der Familie gepruft. Wenn das zur Absorption benutzte Blut alles 
Agglutinin fiir ein bestimmtes Familienmitglied entfernt, so kann man 
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folgern, dass das Blut dieses Fainilieiiinitgliedes keine anderen Antigene 
enthält als solche, die auch in dom zur Absorptioii l>enulzlen Blule cnt- 
halten sind. 

Wiener stellt Todds Ergebnisse nun an Hand der nachslehenden 
Beweisfuhnmg schematisch zusaninion: Agglutinogeno, dio sich alloin 
boi der Mutter und bei Kindorn vorfinden, donen sio von dor Mutter 
vororbt worden sind, werdon als A (A,, Aj, A. . . .) bezeichnel. Ag- 
glutinogene, die nur boim Valor angelrofton worden und von ibm auf 
die Kinder vererbt worden sind, worden als B (Bi, B^, B . . .) bozeich- 
net. Agglutinogene, dio sowohl boim Vator wio auch boi dor Mutter 
und den Kindorn angelrofton worden, worden als (Ej, Co, C. . . .) 
bozeichnet. 

Wenn Blut vom Vater allein wio auch von der Mutter alloin allés 
Agglutinin liir ein boslimmtes Kind zu enlfornon vormag, kann das 
Kind nur Antigen vom (^Typus habon Kann Vatorblut alloin allos 
Agglutinin fiir das Kind ontfornon so können dossen Agglutinogene 
nur vom B-Typiis (und eventuell soin; kann Mutlerblut allein alles 
Agglutinin lur ein Kind enttornon so kann dieses nur Agglutinogcn 
vom A-Typus (und eventuell C.) babon. Kann wa^dor Vator- noch 
Muttorblut allein allos Agglutinin fur das Kind entfornen, so rnussen 
dossen Agglutinogene vom A- 4- B- (+ (4)Typus sein. Indem Wiener 
das Ergebnis der Absorplion mit Blut von jedom Mitgliod dor Fainilio 
mit dom Ergebnis dor nachhorigon Probe gogonubor dem Blute jedes 
dor iibrigon Mitgliedor dor Faniilio vorgloicht, gelangt er zii dom Besul- 
tat, dass in Todds blaiier Familie nur sochs (odor möglicherweise fiml) 
Agglutinogeno zu soin brauchou, in der weissen Familie tunt und in dor 
roten Familie sieben. 

Es durfte jedoch zwoifolliaft sein, ob man auf diesom W ego eino 
mehr als annähernd richtigo Oborsicht iiber die Antigonzusammensol- 
zung erlangen kann; namentlich in bezug auf dio Zahl dor Agglutino- 
gene jedes der Typen A, B und C muss sich oinigo Ihisicherheit geltend 
machen. Jodoufalls miissle vor und nach joder Absorption oine gonaue 
Titorbostimmung statttindon. Anderorsoils isl os jedoch klar, dass von 
oiner unabsehbarou Zahl verschiedoner Agglutinogene nicht die Redo 
ist, zohn Agglutinogene können abor, je nachdem ein jedes dorselbon 
vorhandon ist oder fehlt, in 1024 vorschiedenen Kombinationen zusam- 
mengestellt worden, 11 in 2048 u. s. av. Da aus Wieners Analyse deut- 
lich ersichtlich ist, dass beide Eltern in allon droi Huhnorfamilien von 


^ Solche Falle habe ich in incinem Material nicht angefrotleii 
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Todd ein oder mehrere Agglutinogene gemeinsam haben, so geniigt 
dies, wie Wiener betont, schon um zu zeigen, dass die Zahl nicht sehr 
gross sein kann. Andererseits sind Wieners Betrachtungen, nach 
denen angenommen werden muss, dass bei sämtlichen Individuen der 
Hiihner-Art 15 — 20 oder etwas mehr Agglutinogene existieren, wohl 
kaum unanfechlbar. Wie gesagt, diirfte es einerseits fraglich sein, ob 
sich unter einem einzelnen Antigen vom Typus A, B oder C nicht oft 
mehrere verbergen. Andererseits ist es nicht ganz verständlich, warum 
Wiener glaubt, sämtliche Antigene bei den drei Hiihnerfamilien miissen 
familienweise verschieden sein. Es ist doch höchst wahrscheinlich, dass 
in der einen Familie Antigene vorkommen, die mit Antigenen in den 
anderen beiden Familien identisch sind; dies lässt sich aus den ange- 
fiihrten Absorptionsversuchen allerdings nicht entnehmen. 

Nach allem zu urteilen ist es höchst wahrscheinlich, dass man 
es in der Hiihnerspezies nur mit einer recht begrenzten Anzahl ver- 
schiedener Antigene zu tun hat; sie geniigt aber, wie vorerwähnt, um 
eine sehr erhebliche Anzahl Antigenkombinationen (Typen oder »(inip- 
pen») hervorzubringen. 

Auf ein Verhältnis von mehr prinzipieller Bedeutung muss hier 
etwas näher eingegangen werden. Wiener sagt: »zwei Blutproben 
(Blut von zwei Huhnern) miissen identisch sein, wenn jedes Blut im- 
stande ist, alles Agglutinin fiir das andere Blut zu absorbieren» fausser 
fiir sich selbst natiirlich). 

Hierzu ist zu bemerken, dass die Richtigkeit dieses Satzes davon 
abhängt, dass das angewandte Misch-Immunserum uollständig ist, d. h. 
eine Antistoffquote mit geniigend höhem Titer fiir sämtliche innerhalb 
der Art existierenden Antigene enthalt. Ist dies nicht der Fall, so kann 
durch gegenseitige Absorption sehr wohl alles Agglutinin entfernt wer- 
den, ohne dass die beiden Blutproben identisch sind. Angenommen 
z. B., die eine Blutprobe enthält die Antigene A, B, C, D, E und die 
andere A, B, C, D, F, so werden sie sich, wenn dem »polyvalenten» 
Immunserum Antistoff fur E und F fehlt, identisch ausnehmen. Wenn 
demnach in der Häufigkeit, womit die den Antigenen zugrunde liegen- 
den Erbelemente (Gene) in der Population verbreitet sind, Unter- 
schiede bestehen, so kann es sehr wohl vorkommen, dass im Immun- 
serum kein Antistoff fiir ein oder mehrere Antigene enthalten ist, und 
zwar entweder, weil das betreffende Antigen im Spenderblut nicht ver- 
treten gewesen oder weil von der damit immunisierten Henne kein 
Antistoff dafiir mit genugend höhem Titer gebiidet worden ist. Immun- 
serum muss ja vor der Absorption in der Regel im Verhältnis 1 : 3 oder 
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1 : 4 verdiinnt werden, da es sonst fiir das zur Absorption bcnutzte Blut 
fast unmöglich »leer» zu absorbieren ist. Dadurch wird der Titer fiir 
jede einzelne Antistoffquote auf Vi bzw. des urspriinglichen herab- 
gesetzt. Antistoffquoteii, deren Titer unter dem reziproken Wert der 
vorliegenden Serumkonzentration liegen, können sich infolgedessen 
nicht geltend machen. Es ist auch fraglich, ob man bei gleichzeitiger 
Immunisierung mit Blut von mehrcren Tieren erwarten kann, dass sich 
Antistoff in genugender Slärke fiir sämtliche Antigene biidet, die bei 
dem Antistoffproduzenten niclil vertreten sind. Es ist nicht iinwahr- 
scheinlich. dass die Wirkung einiger Antigene von anderen unterdriickl 
wird ( > Konkurrenz der Antigene»). Man sieht demnach, dass jeden- 
falls nur durch zahlreiche Untersuchungen mit quantitativer Aus- 
messung der Agglutininstärke vor wie auch nach der Absorption mit 
den verschiedenen Blutprob(‘n zu erwarten ist, dass annähernd genaue 
Ergebnisse erzielt werden. 


ZUSAMMENFASSUNG. 

In Cbereinstimmung mit den Ergebnissen friiherer Untersuchungen 
von Todd, Landsteineu und Levine und O. Thomsen, Engklbrkth- 
IIoi.M und A. Rotue Meyer wurde die Hiihnerart (gewöhnliche Haus- 
hiihner verschiedener Rasseii) hinsichtlich des Antigenmosaiks des 
Blutes iiberaus zusammeiigesetzl gefunden. 

Diese grosse Variation offenbart sich jedoch ersl bei der Inimu- 
nisierung, denn es wird nur gelegentlich präformierter Isoantistoff er- 
mittelt (und zwar mit niederem Titer), Tiere von sogeiiannter reiner 
Rasse haben sich jedenfalls in bezug auf die Antigenzusamniensetzung 
im wesentlichen ebenso variierend erwiesen wie Hiihner von beliebiger 
Abstammung ( » Mischrassen » ) . 

Die Erblichkeit des Antigenmosaiks der Nachkommenschaft wurde 
durch Absorption »polyvalcnlen» Misch-lmmunserums mil Blut von 
beiden Eltern und nachherige Agglutinationsprobe gegeniiber dem 
Blute der Nachkommenschaft untersucht und es wurden folgende Be- 
funde erhoben: in der Regel wird durch Absorption enlweder mit dem 
Blute des Vaters oder dem der Mutter etwa die Hälfte des fiir das Anti- 
genmosaik des Kindes wirksamen x\gglutinins entfernt, während durch 
Absorption mit dem Blute beider Eltern in der Regel alles Agglutinin 
fiir das Blut des Kindes entfernt wird. Fiir andere Tiere als die Nach- 
kommenschaft wird hingegen meistens mehr oder weniger, durch Ag- 
glutination nachweisbarer Antistoff iibriggelassen. 
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Ausnahmen von der besagten Regel wurden jedoch in drei, 2 Kin- 
der derselben Familie und 1 Kind ciner anderen Familic umfassenden 
Fållen ermittelt. l)ie verschiedenen Möglichkeiten dies zu erklären 
werden erörtert und es muss als wahrscheinlich betrachtet werden, dass 
die meisten Antigcnc als dominante Eigenschaften vererbt werden, dass 
aber auch Antigene vorkommen, deren Entwicklung ein komplizierteres 
Erbe (rezessiv, komplementär usw'.) voraussetzt. 


Anders U(iss€lbalch\s Leukämicfond sowie dem Carlsbergfond bin ich fiir giitige 
Beisteuer ziir Ausfiihrung dicsor Untersiichimg zu hohcm Danke verpflichtet. 
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DIE FORMENBILDUNG DER TOTAL- 

APOMIKTEN 

VON ÅKE (WSTAFSSON 

INSTITUT FtiR VERERBUNCiSFORSCIIUNG, SVALÖF 
(With a summary in English) 


EINLEITUNG. 

D IE Ursachen der Enlstehung neuer Biotypen aus totalapomikti- 
scheii Heterozygoten mit s. g. Hybridenzahlen, wie sie in den 
Clattungen Tarnxaciim, Euhierncium, Rosa (?), Chondrilla und Alche- 
milla (?) vorzukommen scheinen, sind noch nicht geklärt. Die Täck- 
HOLMsche Theorie iiber die Bildung der unzähligcn Canina-Wosen durch 
Prozesse. wobei sekundär aus FrKreuzungen eine Rcihe von (ein- 
faktoriellen) Verlustmutanten entslehen, ist jedenfalls fiir Taraxacam 
und Euhieracium allgeniein als ricbtig angenommen worden (vgl. 
Täckholm 1922, S. 350 — 375, Johansson 1920, Gustafsson 1932 a, 
S. 60), obgleicli weder experimentelle, noch zytologische, noch geo- 
graphische Beweise hierfur vorliegen. Aber auch die entgegengesetzte 
Meinung, dass trolz der zytologisch wahrgenomiuenen Erscheinungen 
eine sellen auflrelende Befruchtung vorkoininen könnte, ist ineiner An- 
sichl nach vvenigslens lur Tftnuacum, Euhierachiin, Alchcmilla viilgaris 
und Antennaria alpina ganz zu verneinen, besonders nach Ostenfelds 
Versuchen mil Euhieracium-Vormeu, 

Soinit mässen beide diese Theorien als unwahrscheinlich betrachtet 
werden. Systemalisch erklärt die TÄCKHOLMsche Annahme nichts; 
gerade die von Systematikern als späte Mutanten bezeichueten Biotypen 
unterscheiden sich beinahe immer von den nahestehenden durch eine 
Reihe von Eigenschaften. So z. B. btvsitzen wir im nördlichen Europa 
eine kleine (iruppe von Taraxaca, die s. g. Dissiinilia, die den Erythro- 
spermce nahe stehen und ganz bestimmten Repräsentanten dieser enl- 
sprechen. Sie unterscheiden sich aber nicht nur hinsichtlich der Sa- 
menfarbe, sondern auch in einer Mehrzahl anderer morphologischer 
Eigenschaften, z. B. die Form und Länge der Deckblätter.und die Farbe 
der Ligulae. Und betreffs Euhieracium sagt K. Johansson (1926, 
S. 342): »Unerwartet ist ebenfalls, dass die paucilokalen wahrscheinlich 
durch Mutation entstandenen Formen in vielen Eigenschaften ebeu so 
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gut von einander und von den allgemeineren Formen geschieden sind, 
wie diese untereinander». 

Mit der TÄCKHOLMschen Annahme unvereinbar, sowie mit dem 
Gedanken an seltene Kreuzungen, ist die Tatsache, dass diese pauci* 
lokalen Biotypen, soweit man iiberhaupt die Verbreitung der »formse 
apomictse» iiberblicken kann, nicht mehrmals innerhalb des Gebietes 
der Stammutter entstanden sind. »Es scheint folglich, als ob nur die 
jungsten, d. h. in ihrer Verbreitung am meisten beschränkten Arten die 
Fähigkeit zum Mutieren besässen», sagt Johansson 1926, S. 342. Dieser 
Schluss ist em wenig verfruht. Die weitverbreiteten »formse apomictse» 
können nämlich, wie ich unten näher zeigen werde, in verschiedenen 
Bezirken wohl isogen (d. h. dieselben Gene und dieselbe Genmasse 
haben), aber dennoch nicht isogenotypisch sein, und daher in ver- 
schiedenen Gebieten durch »non-disjunction» getrennte Mutanten bil- 
den. Crossing-over verursacht ferner, dass eine »Art» viele phäno- 
typisch kaum sichtbare Gendifferenzen enthalten kann, die auch das 
Auftreten verschiedener »Mutanten» bedingen. 

Mit diesen beiden Theorien unvereinbar sind auch die Tatsachen, 
dass Formen gerade in den Ursprungszentra am stärksten mutieren, 
während sie in den äusseren Teilen des Verbreitungsgebietes gleichwie 
erstarrt sind. Warum haben wir in Schweden z. B. nur eine geringe 
Anzahl von Alchemilla uulgaris-Formen, die untereinander ganz scharf 
geschieden und mit ausserordentlicher Konstanz ausgeriistet sind 
(Murbeck 1901, S. 36)? Man sollte auf Grund ihrer postulierten 
Heterozygotie glauben, dass diese nicht so schnell verschwinden wiir- 
den und dass sie somit auch hier die Mutabilität beschleunigen sollten.. 
Mit meiner Annahme einer »chromosomalen Homozygotie» wird diese 
systema tisch und geographisch wichtige Frage ohne weiteres erklärt. 

Schliesslich die genetisch gefährlichsten Einwände gegen die »Mu- 
tationstheorie»: Warum sollte gerade in diesen totalapomiktischen 
Gattungen die Frequenz der taugUchen Verlustmutanten, verglichen 
mit derjenigen in reinen Linien, so hoch sein und weshalb sollte die 
Heterozygotie sie so stark erhöhen? 

Kurz gesagt: Beide diese Theorien sind als unwahrscheinlich zu 
betrachten, und alles deutet darauf hin, dass eine Art von Pseudo- 
mutation, die innerhalb der diploiden Embryosackmutterzelle statt- 
findet, die Formenbildung erklären muss. Der alte Ernst — ^Winkler- 
sche Streit iiber die Formenbildung durfte damit abschliessen, dass 
sie beide recht haben. 

Diese Mitteilung hat nur vorläufigen Charakter. Später wird eine 
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grössere Arbeit uber die hierhergchörigen geographischeii, zytologi- 
schen, systematischen und experimenlellen Tatsachen erscheinen. So 
viel hoffe ich doch gezeigt zu haben, dass eine Pseudomutation, wenn 
Gemini in den totalapomiktisclien E. M. Z. vorkommen, immer die se- 
kundåre Biotypenentstehung erklären kann, Die »Muiationstheorie» 
bleibt jedenfalls noch lur die Canina-Rosen bestehen, aber wie ich 
fruher erwähnt habe, ist es nicht bewiesen, dass diese wirklich apo- 
miktisch sind (Gustafsson, 1931). 

DIE BILDUNG VON RESTITUTIONSKERNEN. 

In einer kleinen Mitteilung ((Justafsson, 1933) habe ich diejenige 
Erscheinung in der Teilimg der E. M. Z. beschrieben, die unlen die 
pseudohomotypische Teilung genannt wird. Nachdem sie veröffent- 
lichl war, habe ich gefunden, dass auch Restitutionskerne gebiidet wer- 
den können, sodass Rosenbergs Deutung der Bilder Juels, Osawas 
und Sears’ ohne Zweifel richtig ist. t)ber diese zwei Erscheinungen 
und ihr Verhältnis zur Meiosis sowie iiber die (ieminibildung werde ich 
später ausfiihrlich berichten. Die Anzahl dieser ist nämlich von der 
Diakinese bis zur Metaphase nicht konstant, sondern wird im Gegenteil 
erhöht. Auch werde ich dorl uber eine abweichende Art von sekun- 
därer Assozialion und ihrer Beziehung zur primären berichten. 11 ier 
werden nur kurz diese iM-scheinungen bei drei Biotypeii behandell. 

Die drei untersuchten Formen sind 1933: 104, T. dissimile Dt.. 
1\ Hublwticolor Dt. und 1932:672 (unbestimmte Form aus Jarkend). 
Die Ghromosomenzahlen sind 2n = 24, 2n =24 und 2n = 32. Bliiten- 
knospen des ersten und dritten sind in Nawaschins Flussigkeit mit 
einigen Minuten Vorfixierung in Carnoy (mit Chloroform), die des 
zweiten in Bouin- Allans Fixiermittel ohne Vorfixierung fixiert worden. 
Die Präparate sind 10 — 17 p dick geschnitten und mit Gentianaviolett 
gefärbt worden. 

In meiner fruheren Mitteilung habe ich das Vorkommen von Ana- 
phasen und Restitutionskernen bestritten, jetzt aber wage ich mit Be- 
stimmtheit zu behaupten, dass diese beiden Erscheinungen in den 
Teilungen der E. M. Z. auftreten können. Eine Bildung von Restitu- 
tionskernen ist sogar häufig, Anaphasen sind jedoch als selten zu be- 
trachten; ich habe sie nur bei T. dissimile von 13 ganz oder teilweise 
untersuchten Biotypen angetroffen. 

Fig. 1 — 12, 19 und 22 — 27 stammen von T, dissimile, 13 — 18, 
20—21, 28—29 und 32—33 von 1932:672, 30—31 von T. sublaeticolor. 
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Fig. 1 — 12. T, dissimile Dt. — 1, Diakincse mit 24 uiigepaartcn Chromosomcn. — 
2. Semihcterotypische Metaphase mit 24 ungcpaartcn Chromosomen. — 3. Hetero- 
typische Metaphase mit 2 »Gemiiii» und einer loscn Assoziation (?). — 4. Unvoll- 
ständige Metaphase mit einem »Trivalent». — 5. Metaphase mit 3 — 4 »Gemini». — 
6. Heterotypische Anaphase mit 13 + 11 Chromosomen, eine 2 ( — 3)-Verbindung 
vorhanden. — 7. Anaphase mit 2 — 4 »Gcmini». — 8. Anaphase mit liii (?) + 5ii. — 
9 — 10. Restitutionskerne. — 11. Restitutionskern in Bildung, Gemini oder Assozia- 
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Leider sind die J)iakinesen vieler Taraxacum-Typvn scliwer zu 
untersuchen, bei andereii aber sohr leicht, und zur erslen Kategorie 
gehörlcn diejeiiigen dieser Biolypcii. Fig. 1 zeigl eine Diakinese mit 24 
deutlich ungcpaarten (^iromosomen, die ziim Teil iioch nicht konlra- 
hiert sind, F^ig. 13 eine aiidere mit 32 ungepaarlen ( Jiromosomen, und 
beim Oberblicken meines Materiais nuiss icli sagcn, dass (iemini in 
diesem Stadium selten sind; luir einmal bei T. clissimile und einmal (?) 
bei 1932: 672 habe ich eine Paarung geseben. Dies ist selir interessant. 
Die E. M. Z. der lolalpartlienogenelischen (iatlimgen haben nämlich (iie 
Tendenz, die hcterotypisclie Teilung ganz zu imterdruckeii; und trolz- 
dem homologe Fdiromosomen in grosser Ausdelnmng vorkommen kön- 
nen (wie man in den P. M. Z. sieht), sind die Diakinesen sehr arm an 
(iemini. Ich kann al)er auch tiestätigen, was ich 1933, S. 533 so aus- 
druckte: >JMgenlumlicli ist, dass man bisweilen einen lUickstand der 

('.hromosomenverwandtschatt merken kann, teils — , teils in einer 

Art '>sekundärer Assoziation, dadurch sichthar, dass die ("hromoso- 
men zum IVii aneinander — ^ — — liegen. Diese Erscheinung unter- 
scheidet sich von der von I^awrence u. a. wahrgenommenen. indem 
sie schon in den Diakinesenstadien zu sehen ist». 

Dass diese abweichende Art von Assoziation wirklicli eine Healität 
ist, sieht man beim Studium der Metaphasen. Plötzlich, wie auf einen 
Zauherschlag, tauchen (iemini auf. Die Abstossung der lose assoziier- 
ten F.hromosomen ist jetzl aufgehoben, und die, welche in der Diakinese 
dank ihrer Homologie aneinander gelegen sind, vereinigen sicli jetzt, in 
echter sekundärer Assoziation, zu losen Verbindungen oder zii Ver- 
einigungen, die gar nicht von (iemini zu unterscheiden sind. Später 
werde ich aiisfiihrlich dariiber berichten. Dass die Deutung der sekun- 
dären Assoziation durch die englischen Aiitoren Lawrence, Darlington 
u, a. richtig ist, scheint mir auf (irund dieser Funde ausser jeden 
Zweifel geslellt: nur diirften alle Gradationen zwischen [)rimärer und 
sekundärer Assoziation vorkommen. 

Fig. 2 zeigl eine echte semiheterotypische Teilung ohne (iemini und 
mit 24 (Jiromosomen, Fig, 3 und 5 zwei Metaphasen mit respektive 
2 (3?), 3 (4?) Zweiverbindimgen, die ganz wie (iemini in den P. M. Z. 
aussehen, Fig. 4 eine unvollsländige Metaphase mit eineni Trivalent. 
Dass die einzelnen Chromosomen schon in den friihen helerotypischen 
Stadien sichtbar gespaltet sein können, liabe ich oft bcobachtet; dies ist 
z. B. in Fig. 4, 13 und 14 o zu sehen. Fig. 14 a und b veranschau- 

tionen vorlianden. — 12. Roslitiilioiiskerii. - VtTgr. 1 8 und 10 11 ung. 2000 X, 

9 und 12 ung. 1600 X, 
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lichen eine Metaphase mit 6 — 9,|, Fig. 15 eine solche mit 3 5jp Beim 
Biotypus 1932:672 habe ich nie semiheterotypische Metaphasen (ohne 
Gemini) feststellen könncii. 



Fig. 13 — 18, 20—21. 1932:072, Fig. 19. T. dissimile Dt. — 13. Diakinese mit ung 32 
ungepaarten Chromosomen. — 14 a -f- 5. Heterotypische Metaphase mit 6 — 9ii. — 
15. Metaphase mit 3 — 5ii. — 16 — 18. Rcslitutioiiskeriie von verschiedener Gestalt. — 
19—21. Dyaden. — Vergr. 13 — 15 ung. 2600 X, 16 —21 ung. 1600 X. 

Es ist von grösstem Interesse, dass diese Geniini hinsichtlich ihrer 
Bewegungen in der Metapiiase sich ganz wie die Univalenten verhalten. 
Entweder gehen såmtliche Elemente gegen die Mitte der E, M. Z. und 
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bilden, was ich eine pseudohoniotypische Spindel nenne, oder sie wan- 
dern (also sowohl Univalente wie auch Assoziationen ) nach entgegen- 
gesetzten Teilen der E. M. Z. Fig. 6 — 8 zeigen drei Anapliasen init 
(11 + 13), (10 + 13j und (16 + 7) Chromosomen. Auch hier kommen 
Gemini oder Assoziationen vor, in Fig. 6 ist (vielleicht 1,„), in Fig. 7 
Iji + l*“-3,p in Fig. 8 5jj (oder + 4,^) + zu sehen, und in Fig. 11. 
die eine späte Anaphase darstellt, uni die herum sich eine Restitutions- 
kernwand eben bildel, sind die F.hromosomen allerdings schon ver- 
klebt, aber von oben bis unten erblickt man wenigstens 1„ (oder 1,„), 
1„, 1„, 1„ (oder 1„ (oder 1,„), 1„ (oder !,„) 1„ (oder 1^,). Sechs 
bis sieben Verbindungen von ("hromosomen scheinen also die höchste 
Anzahl solcher in den E. M. Z. dieser Form zu sein, und interessant 
ist, dass auch in den P. M. Z. triploider Biotypen gewöhnlich höch- 
stens acht Verbindungen vorkommen (Hybridenhesatz 8„ + 8,; siehe 
Gustafsson 1932 b, S. 110). 

Die Restitutionskerne, die dadurch entstehen, dass eine neue Wand 
um die Metaphasen- (und Anaphasen-) Elemente angelegt wird, sind 
von streng regelmässiger Natur: jedenfalls habe ich norh keine Klein- 
kerne oder Triaden und Tetraden gesehen. Zweifellos hängt dies davon 
ah, dass die Kernvvand selir friih gebiidet wird, Anaphasen sind ja, wie 
ich erwähnt habe, sehr sel ten. Meistens haben die Restitutionskerne 
eine langgestreckte Form (Fig. 9, 10, 11, 12, 18) ohne die in der Lite- 
ratur so oft angefiihrte stundenglasähnliche Gestalt. In Fig. (16 und) 
17 sieht man, dass auch Ghromosomen, die entfernt gelegen gewesen 
sind, mitteis der Wand mit der ubrigen Chromatinmenge in Verbindung 
getreten sind. Solche Restitutionsbildungen durften den Mangel an 
uberzähligeii Kernen erklären. 

Es ist fiir die unten dargestellten Tatsachen iiber die pseudohomo- 
typische IVilung von grosser AVichtigkeit zu notieren, dass die Restitu- 
lionskerne eine recht langwierige Interkinese durchmachen, also nicht 
unmittelbar eine homotypische Teilung ausfuhren können. Die Chro- 
mosomen verlieren ihre »Individualität» gänzlich und bilden wie in den 
Prophasen ein Netzwerk von Fäden (Fig. 10, 16, 17, 18), freilich von 
ganz andereni Aussehen, und solche Bilder wie Fig. 9 und 12 sind, 
jedenfalls bei diesen Biotypen, sehr selten und durften den Schluss der 
Ruhestadien bezeichnen. 

Fig. 23 zeigt eine zweifellose homotypische Teilung. Die Chromo- 
somen sind langgestreckt, aber leider verklebt, in Fig. 32 erblickt man 
eine zweite (die E. M. Z. ist quergeschnitten ) mit eingezeichneten Chro- 
mosomen von echt homotypischer Gestalt. Hier waren einige von den 
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Fig. 22-27. T, diHsimile Dt. Fig. 28- 29, .‘52 - 33. 1932:872. Fig. 30— 31. T. sub- 
Iwticolor Dt. - 22. Pseiidohomotypisohe Teilung in Bildung. 23. Honiotypische 
Teilung. - 24. (Pseudo-)Homotypische Teilung. — 25 a. Einzelne Chromosomen der 
pseudohoniotypischen Teilung der Fig. 25 b. — 26. (P.seudo-)IIoniotypische Ana- 
pha.se mit eincr 3- und einer 3- 4-Verbindung. — 27 a 4* b. Unvollständige pseudo- 
homotypischc Teilung. — 27 c. 10 einzelne Chromosomen. - 28 — 29. Pseudohomo- 
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nicht mitgonommpiicn zu slark gefärbt. Solche Bilder wio Fig. 23 sind 
uber selten. Naliirlicli wage ich nichl zu verneinen, dass echte hoino- 
typische Melaphasen, von der Seite gesehen, das Aussehcn von Fig. 24 
habcn können. Ks ist aber einc Regel fiir die K. M. Z. der Totalapumik- 
len und auch liir andere Zellen gultig, dass dii‘ Stadien naeh einer 
langwierigen Ruhe sehr schnell verlaufen. So z. B. isl es luir iiur ein- 
bis zweimal gelungen, eiiie (pseudo-)boinolypische Anaphase zu sehen, 
obgleich ich eiiiige llunderi helerolypische Metaphasen von 13 Bio- 
typen sludiert habe. Rosenberg (1930, S. 54; sagt auch in bezug aiit 
den Anlennttrid-Typus, bei dem die Diakinesen langwierige Stadien 
bilden: »Die tolgende Metaphase scheinl in den meisten Fällen selir 
schnell zu verlaiiten». 

Dyaden werden, wtMin ineine Ansicht richtig ist, regelmässig ge- 
bildet und bieten niclits eigenliimliches. Bei zwei Biotypen, 1932: 072 
und 1932:071, J\ simiiliim Brenn., habe ich aber die auffallend häulig 
schräge Lage der Ivernspindel gesehen, wodurch auch die Dyaden- 
wände eine schräge Stellung bekommen (Fig. 20, 21). Nach Osawas 
Bildern zu urteilen kann dies auch bei T. albidum vorkommen (siehe 
auch Rosenberg 1930, Abb. 20). Diese Frscheinung isl naturlich ohne 
jede Bedeutung liir die Fntwicklung, \erdient aber dessenungeachtel 
\ermerkl zu werden. 

DIE PSEUDOHOMOTYPISCHE TEILUNG^ 

In meiner fruheren Mitteilung habe ich die Teilung der F. M. Z. 
so beschrieben: > Anstått dessen wandern die (diromosomen gegen die 
Mitte der F. M. Z., bilden dort anlänglich einen Knäuel von schwer- 
unterscheidbaren Flemenlen, legen sich schliesslich in eine Fbene und 
formen sich zu einer homotypen Spule>. Als ich die Bildung der Resti- 
tutionskerne studierte, glaubte ich anfänglich, diese Interpretation sei 
iibcrhaupt lehlerhaft. Bald konnte ich diese Ansicht wieder bestätigen, 
obgleich jctzt in begrenzter Ausdehnung, denn ich hatte mir damals an 
dieser Erschcinung so blind gestarrt, dass ich die Restitutionskerne 
nicht gesehen hatte. Hcide diese Prozesse, diirch die der Embrijosack 
die somatische Zald bekommf, verlaufen gleichzeitig and stellen das- 
selbe Ergebnis her, 

typisclic Metaphas(*n iiiitor Bildung 30 Pscnidohoiuolypische Mtdaphaso mit 
hcterotypischcn Chromosomen. - - 31. Dasselbe aber mil einem (iomiiius und /wei 
homotypischen (3iromosomen. — 32. Eehte homotypische Metaphase. - 33 Pseudo- 
homolypische Metaphase mit einer 2- und einer 3-Verbindung - lii den Fig 30 — 33 
isl die E M. Z. (|uergeschniltcn. — Vergr ung 2600 X. 
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TABELLE 1. Die Lage der verschiedenen Stadien in den Bläten- 

körbchen. 


1 Nummer 
Art 1 des Piapa- 

1 rates 

1 Anzahl 
Bluten 

1 

Blutennum- 

mer von 

oben 

Stadium 

1932:672 1 1:6 

4 

2 

Pseudohom, Teilnng 

2:4 

5 

1 

Dyade 

3:5 

6 

3 

Diakinese 

II 1:1 

9 

1 

Wahrsch, homot. TeiL 

1:5 

10 

4 

Diakinese 

III 1:2 

12 

2 

Interkinese 

2:5 

12 

8 

Prophase 

3: 1 

12 

11 

» 

3:3 

13 

2 

l)>ade 

» 

» 

10 

Fruhe Diakinese 

3:4 

13 

11 

Prophase 

3:5 

14 

6 

Pseudohom, Teil, 

3:6 

15 

4 

Heterot. Metaph. 

» 

)> 

15 

Fruhe Diakinese 

IV 1 : 2 

14 

8 

Diakinese 

1:4 

14 

12 

)) 

2:2 

14 

7 

Heterot. Metaph. 

2:5 

15 

10 

Diakinese 

2:7 

15 

5 

Interkinese 

» 

» 

11 

Heterot. Metaph. 

3:2 

I 15 

12 

Interkinese 

3:3 

15 

2 

» 

» 

» 

11 

Heterot. Metaph. 

3:4 

15 

3 

Interkinese 

3 : 5 

15 

4 

» 

3:6 

15 

U 

Interkinese 

V 1 : 3 

10 

1 

\ 

1 • 

1 :7 

15 

8 

Heterot. Metaph. 

2:1 

15 

rs 

1 Pseudohom Ted, 

2 : 5 

14 

4 

Dyade 

» 

» 

8 

Diakinese 


» 

9 

! Prophase 

3.1 

14 

2 

Interkinese 

» 

)> 

6 

; Interkinese 

» 

)) 

10 

Pseudohom. Teil. 

» 

» 

11 

» 

3:2 

14 

3 

Dyade 

3:4 

14 

1 

» 

» 

» 

13 


VI 1 :6 

12 

7 

Pseudohom, Teil, 
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1 Nummer 
Art 1 des Präpa- 

1 råtes 

Anzahl 

Kluten 

Blutennum* i 

mer von 1 

oben 

Stadium | 

1 

19:ö:104 11:1 

15 

2 

Inlerkinese 

1 :2 

17 

7 

Prophase , 

1:3 

18 

11 

)) 1 

1 :5 

18 

.V 

Pseitdohom. Mclaph, j 

1:9 

17 

13 

Diakinese 

2:2 

19 

5 

» 

)) 

)) 

12 

Prophase j 

II 2:7 

16 

5 1 

lleterot. Mclaph. j 

III 2:4 

19 

16 ' 

Pseudohom. Teil. l 

' IV 1 ; 1 

17 

'f 1 

Heterot. Melapli. 

1 :7 

17 

» 1 

Diakinese | 

» 

» 

11 

Prophase * 

2:1 

17 

5 

Heterot. Metaph.-Anaph. | 

2:;t 

17 

» 

Restit.-kern iinter Bild. . 

t 

1 » 

» 

16 

Interkinese j 

1 2:4 

18 

2 

Heterot. Metaph. , 


» 

9 

Prophase ' 

1 2:3 

18 

7 

» 1 

, 3:2 

1 16 

15 1 

Interkinese 1 

1 3:3 

16 

4 1 

Heterot. Metaph. ' 

1 3:4 

1 

13 1 

Inlerkinese 

* VI: 3 

14 

4 

» i 

1:4 

14 

7 

Heterot. Anaph. 

1 ' '' 

» 

9 

Diakinese | 

t '1:7 

14 

5 

» 

; 

' 14 

(> 1 

» 

' 2:1 

14 

2 

Heterot. Anaph. 

2 : 2 

14 

14 ' 

Diakinese 

' 2:3 

14 

1 1 

1 Pseudohom Teil. 

2:4 

1 14 

3 1 

1 Heterot. Metaph. ' 

1 

14 

10 

Interkinese unlerBildiinf^? 

1 2:8 

1 14 

8 

1 Diakinese 

3:4 

14 

10 

Interkinese 

, 3:3 


7 

1 Pseudohom. Metaph. 

' VI 1 :4 

! 14 

// 

1 Interkinese j 

* 1:8 

14 

S 

» 

1 ^ 

14 

9 

Dyade i 

2:3 

13 

11 

» 

2:7 

13 

5 

Pseudohom. Teil. 


Tabelle 1 zeigt die Lage der einzclnen Sladien in zwei Scimittreihen. 
Es gilt inimer, falls nicht die Körbchen schräg geschnitlen sind, dass 
die »jiingsten Bluten» in der Mitte anzutreffen sind. Dort liegen al-so 
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(lie Prophasen, um nach beiden Seiten hin durch Diakinesen, hetero- 
lypischen Metaphasen, heterotypischen Anaphasen, pseudohomotypi- 
schen Metaphasen (in Bildung und ferlig), Interkinesen, homotypischen 
Metapliasen und Dyaden erselzt zu werden. 

Diese s. g. pseudohoinotypischen Metapliasen liegen immer vor den 
Interkinesen gegen die jimgoren Stadien der E. M. Z., wenn man sie in 
nahegelegenen Bliiten vergleicht. Wurden alle diese von mir als pseudo- 
homotypisch bezeichneten Stadien echte homotypische Metaphasen sein, 
so könnte man sich 1‘ragen, warum sie nicht ausserhalh den Interkinesen 
auitreten? Oben habe ich wahrscheinlich gemacht, dass die Restitu- 
tionskerne eine wirkliche Ruhe diirchlaufen, ehe sie die zw eite Teihing 
beginnen, und dass die Chromosomenindividualilät ganz auJgehoben ist. 
Es wird ohne weiteres begreiflich, dass die pseudohomotypischc Teilung, 
wenn sie nichls anderes als eine veränderle Metapliase ist, in den Prä- 
paraten vor den langwierigen Interkinesen liegen muss und dass alle 
(U)ergänge von der heterotypischen bis zur ausgebildeten pseudohomo- 
lypischen Teilung vorkommen mässen. 

In den Diakinesen liegen die C.hromosomen wegen ihrer Unpaarig- 
keit uber die ganze Kernhöhle und in verschiedenen Ebenen zerstreut, 
sodass man durch die Auflösung der Kernwand allein keine solchen 
Bilder wie Fig. 22, 27, 28 und 29 bekommen kann. (ierade entgegen- 
gesetzt zeigen die semihelerotypischen Metaphasen der P. M. Z. und 
E. M. Z., dass die ('.hroniosomen hier ganz wie in den Diakinesen liegen 
bleiben, während Niikleolus und Kernmembran aufgelöst werden (vgl. 
(iusTAFSsoN 1933, S. 533), Und auch die immer langgestreckle l"orm 
der Reslitutionskerne bei Taraxaeum (siehe auch JuELs und Osawas 
Bilder) zeigen, dass diese nicht von solchen »Knäueln» in der Mitte der 
E. M. Z. gebiidet werden können. Es niuss sich hier somit wirklich um 
eine selhständige, nach der Diakinese eintretende Bewegung handeln, 
die die Chromosomen aiisfuhren. 

Schon die Lage der pseudohoinotypischen Metaphasen im Bluten- 
körbehen durfle es als undenkbar erscheinen lassen, dass sie nach 
•ler Interkinese gebiidet werden, und auch ihre allniähliche Entstehung 
spridit dagegen. Nie habe ich in den echten homotypischen Teilungen 
der P. M. Z. gesehen, dass vereinzelte Chromosomen (wie in Fig. 27 o, 
28 und 29) so zuruckbleiben, während die anderen »einen Knäuel von 
schwerunterscheidbaren Elementen» bilden. 

Den endgultigen Beweis, dass diese Teilung wirklich eine unmittel- 
bare Fortsetzung der heterotypischen Metapliase ist, bilden das Aus- 
sehen und die Form der Chromosomen. Sie haben nämlich, seitlich 
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gcsehen, dieselbe konlrahiorte Form, was in Mg. 24, 25 (i, 27 o, />, c 
(wo zehn Chromosomen separat sorgfällig gezeichnet sind), 28 und 29 
leicht beobachtet werden kann. Wiirde dieses Stadium nach der Inler- 
kincse gebiidet, so sollton die (Chromosomen nicht zusamniengezogen 
sein. Vielleicht wendel jeinand ein: die Klemente sehen vielleicht in 
quergeschnittenen E. M. Z. nicht so heterotypisch aus? Um diese 
Einwendung sofort widerlegen zu können, liabe icli inehrere Körbchen 
von diesen drei Biolypen quergeschnitten. Bei T. SLibUeticolor und 
1932:672 sind auch solche E. M. Z. mit einigen schönen Plätten ge- 
funden werden. Fig. 31 zeigt eine unzweifelhaft pseudohornotypisclie 
Platte, wo jedoch zwei (Chromosomen die homotypische, langgestreckte 
Ciestalt haben. Dies braucht jedoch nicht zu verwundern, denn schon 
in der semiheterotypischen Metaphase (wic in Fig. 2 rechls oben) kön- 
nen einzelne (Chromosomen weniger kontrahiert sein als die anderen. 
Sechs (Cliromosomen sind noch nicht ganz in der Platte angelangt. In Fig. 
30 ist eine (leider etwas schräg geschnittene) Metaphase eingezeichnet, 
in der sämtliclu* (Chromosomen als heterotypisch zu betrachten sind. 

Fig. 32 und 33 stammen von 1932:672, und sie lösen wohl defi- 
nitiv diese P^rage. Man sieht unmittelbar den Unlerschied zwischen den 
beiden Arten von liomotypischen Melaphasen, die verschiedene (iestalt 
und hage der Elemenie (in Fig. 33 sind von 32 (Chromosomen erst 24 
in einer Ebene angelangt). 

Damit diirfte die volle Realität der pseudohomolypischen Teilung 
bewiesen sein. Ober ihr Vorkommen iu anderen (iattungen siehe S. 274. 

Schon bei eineni fliichligen Oberblick gewahrt man, dass die (Cliro- 
mosomen dieser IVilung weniger gepaart oder assoziiert sind als in den 
urspriinglichen Metaphasen. Vielleicht riihrt dies daher, dass die Ge- 
mini in diesen somatisierten Meiosen der liC. M. Z. zu schwer sind, um 
eine solche Bewegung auszufiihren. Jedenfalls spreclien die Daten 
S. 264 und 265 zugunsten dieser Erklärung. 

Fiir die weitere Erörterung verbleibt noch festzustellen, ob es auch 
in der pseudohomolypischen Metaphase Bivalenle gibl. Bei anderen 
Biolypen habe ich solche schon friiher gefunden und kann es jetzt hin- 
sichtlich dieser Formen bejahen. In Fig. 28 und 31 sieht man zwei 
wahrscheinliche Gemini und in Fig. 33 ein unzwcifelhaftes »Trivalent» 
und ein Bivalent. Fig. 26 veranschaulicht mil grösster Wahrschein- 
lichkeit eine pseudohomotypische Anaphase. Im t)beren Teil sind 
wenigstens drei (Chromatiden assoziiert und im unteren (drei bis) vicr; 
ich glaube, dass diese Erscheinung die F^olge einer Assoziation während 
der Metaphase ist. 
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Cber die bildungsweise der »mutanten». 

Die fruheren Auseinandersetzungen können folgendermassen zu- 
sammengefasst werden: Eine Tendenz zu Geminibildung in der E. M. Z. 
ist bci den meisten Taraxacum-Bioiypen vorhanden, aber in der Meta- 
phase viel stärker ausgeprägt als in der Diakinese, obgleich auch hier 
ganz bestimmt vorkommend. Durch die Bildung einer pseudohoino- 
typischen Platte, in der die Chromosomen längsgeteilt werden, aber 
doch das heterotypische runde oder jedenfalls kontrahierte Aussehen 
besitzen, sowie durch das Auftreten von Restitutionskernen, die wegen 
ihrer Entstehung schon in der Metaphase oder fruhen Anaphase im 
Gegensatz zu jenen in den P. M. Z. regelmässige Erscheinungen sind, 
werden die zwei Makrosporen mit den somatischen Zahlen versehen. 



i 


Fig. 34. Schema tisches Bild uber das Verhalten eines »Gcminus» in der pseudo- 
homotypischen Metaphase. Die Chromosomen können sowohl im heterotypischen 
wie im Äquationsspalt getrennt werden. 

Schliesslich: Die Interkinesen sind als Ruhestadien zu betrachten, in 
denen die (^hromosomendifferenzierung aufgeboben ist. 

Die Neuentslehung von Biotypen innerhalb Taraxacum, sowie 
innerhalb aller Gattungen, die dem Taraxaciim-Schema. folgen, kann 
auf zwei Weisen geschehen, teils durch »non-disjunction» inderpseudo- 
homotypischen Metaphase, teils durch crossing-over in der Prophase. 

Wenn es ein Geininus gibt, das sich in einer pseudohomotypischen 
Metaphase befindet, können seine zwei Chromosomen, wie die Fig. 34 
schematisch zeigt, entweder rechtwinkelig gegen die Mittellinie oder 
entlang dieser liegen, Bei der darauffolgenden Trennung der Chromo- 
somen können diese sowohl in dem heterotypischen wie in dem Äqua- 
tionsspalt aufgelöst werden. Im ersten Fall ist es dann ohne wei- 
teres verständlich, dass durch den Zug der Spindelfaser zwei Chro- 
matiden von demselben Chromosom zu einem Pol gehen können, wåh- 
rend die zwei Chromatiden des zweiten Chromosoms sich gegen den 
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anderen Pol bewegen, Bei einer gewöhnlichen homotypischen Teilung, 
obgleich hier die Cliromosomendifferenzierung während der Interkinese 
erloschen ist, kaiin eine iunige Verbindung der eventuell assoziierten 
Chromosomen mit sich bringen, dass die zwei Makrosporen, von denen 
eine zugrunde geht, vcrschiedenen Genotypus erhalten. Wie auch die 
oben erwähnte pseudohomotypische Teilung zu deuten ist und auch wenn 
eine andere Erklärung ihrer Natur als nieine die richtige sein wiirde, 
so ist mit dem Vorhandensein von Gemini oder Assoziationen in ilir 
doch diese Möglichkeit gegeben. Auch zeigt sich dass in den daraul- 
folgenden Anaphascn solche assoziierte ('.hromosomen vorkommen 
können. 

Die (iemini sind in der Diakincse frcilich bedeutend seltener als in 
der Melaphase, aber sie kommen ganz bestimmt dann und wann auch 
bei diesen Biotypen vor. Mit der Entstehung der Gemini in friihen 
Stadien ist nun auch die Möglichkeit gegeben, durch crossing-over eine 
Erhöhung der Typusmannigfaltigkeit zii erreichen. Darlington hat 
diese Möglichkeit (1932, S. 473) hervorgehoben. 

Denken wir uns der Einfachheit halber, dass wir zwei (3iromoso- 
men haben, die in zwei Fakloren heterozygolisch sind: also das Aus- 
sehen A B und a b haben! In der Prophase teilen sich die Ghromoso- 

men in vier (^.hromatiden ^ ^ und ^ Isl hier ein (ieminus gebiidet 

AB a b 

wordcn, kann Austausch zwischen den Chromatiden geschehen, und 
die Chromosomen zeigen danach folgendes verschiedenes Aussehen: 


A B 

A B 

A b 

AB 

a B 1 

A b 

a B 

a b 


1 A b 

a B 

A />, 

A B 

a b 

a b ' 

a B \ 

a b 


Kommt in der pseudohomotypischen Metaphase kein »non-disjunc- 
tion» der (chromatiden vor, sind in der nachfolgenden Anaphase beide 
Chromosomen repräsentiert. Die Tochterindividuen können also Chro- 
mosomen vom folgenden Aussehen erhalten: 

1) AB, a B, 2) AB, A b, 3) AB, a b (die Mutter) 

4:) a B, a B, b) A b, A b, Q) A b, a B (phänotypisch ganz wie die 

Mutter) 

1) aB, ab, 8) A b, a b, 

9) AB, A B, 10) a b, a b. 
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Mehrere Faktoren komplizieren die Verhältnisse, aber das Ergeb- 
nis wird ein ähnliches werden. 

Wir sehen also, dass ein Austausch eine Veränderung des Geno- 
lypus der Tochterindividuen verursaclien kann. Nun sind Gemini in 
der Diakinese sehr selten, in der Metaphase aber häufig, weshalb es 
wahrscheinlich sein durfle, dass beide Prozesse vorkomnien können. — 
»Non-disjunction» sollte die grössten »Mutationen» geben, crossing-over 
die kleineren und kleinsten. 

Wir sehen somit auch {Fdlle 3 und 6*), und dies durfte höchst in- 
ieressani sein, dass es innerhalb eines T otalapomikten Formen geben 
kann, die ivohl isogenisch (also dieselben (iene und dieselbe Genmasse 
besitzen) aber doch nicht ganz isogenotypisch sind; denn die (iene sind 
in den zwei honiologen Chromosomen in verschiedener Weise gekop- 
pelt. Die Fälle 1 und 2 diirflen sich auch phänotypisch oft wenig von 
der Mutler unterscheiden. 

Wir sollten hier also statt eines echten Mutationsprozesses eine 
Art von Pseudomiitation vor uns haben, und es erscheint mir offenbar, 
dass nur eine solche die zytologischen, systeinatischen, geographischen 
und genetisclien Dalen decken kann. 

Wie bekannt entwickeln sich die apoiniktischcn Embryosäckc bei 
parlhcnogenetischen Phanerogainen nach den folgenden Schemata: 

1. Der Antennaria-Typus: Antennaria alpina, Eubieracium u. a. 

2. Der TaraxacuTn-Ty\ms: Taraxacum, Chondrilla u. a. 

3. Der Ålcheinilla-Ty\ms: Alchemilla u. a. (Richlig gedeutei? 
Vgl. Rosenberg 1930, S. 38). 

Sämlliche diese tiinf Arten und Artengruppen sind oder enthalten 
Agamospezies, die sehr polymorph zu sein scheinen. Am besten syste- 
matisch studiert sind Taraxacum, Euliieracium und Alchemilla, wäh- 
rend die (iattung Chondrilla Agamospezies enthält, deren Mannigfaltig- 
keit und »Biotypen-(icographie» nicht geklärt sind (Chondrilla juncea 
ist jedenfalls eine syslematisch widerspenstige Art). Die geographischen 
und systematischen Daten innerhalb der Biotypengruppen dieser drei 
Entwicklungstypen sprechen ohne Zweifel fur eine gemeinsame Er- 
klärung der Formenbildung. Bei Taraxacum, Chondrilla (und Alche- 
milla; vgl. BöGs 1924) gibt es Gemini, bei Chondrilla scheint gemäss 
den Abb. in Poddubnaja-Arnoldis Arbeit (1933) auch eine pseudo- 
homotypische Teilung vorzukommen, derjenigen ähnlich, die ich in 
Taraxacum anzutreffen glaube. Antennaria alpina ist betreffs dieser 
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Verhältnisse sehr schlecht studiert, bei Euhieracium scheinen nach 
Rosenbergs Unlersuchungeu die Chromosonien ciiien »vcgetaliven 
(^harakter zu haben; Bilder uber die Entwicklung der E. M. Z. sind 
jedocli nie publiziert worden. Aber es gcnugt nicht, nur Diakincseii zu 
studieren, gerade wie bei Taraxacum kann es eintrelTen, dass die Asso- 
ziation und Anzieluing der eiiizeliien liomologen ('.hroinosoinen sicli 
erst bei abgeschlossener Diakinese und beiiii (ibergeben in die vhorno- 
typische» Metaphase äussern. 

Fur die Deutung des Antei}uaria-Ty\ms sind die HoLMGRENschen 
Untersuchungen (1919) iiber Erigeron und Eiipatorium von grösster 
Bedeutung. Erigeron cir. (uinuus sclieint nainlich dieselbe Erscheinung 
wie die oben beschriebene pseudohomotypiscbe Teilung aufzuweisen, 
nur mit dem Unterschiede dass schon die heterotypischen FJiromoso- 
men hier wesenllich deutlicher längsgeteilt sind (Holmgren 1919, S. 24, 
Fig. 5 b -li). Die Diakinesencliromosoinen haben gleichwie bei Tara- 
xnciim ein heterotypisches Aussehen. In Fig. 5 b- b, sieht man viel- 
leicht Assoziationen (5„ -| 1,|,?), in Fig. 5h liegen 5—7 Ehromosomen- 
paare so nahe aneinander, dass man sogar von (Jemini oder jedenfalls 
von Assoziationen sprechen kann. Nach dem Auflösen der Kernwand 
liegen die kontrahierten (Chromosonien eine Zeitlang in der Spindel 
zerstreut, um dann langsam in eine ^somatische» Platte zu wandern. 
Also beinahe vollsländige rbereinstimmung mit meiner pseudohoino- 
lypischen Teilung! Mil (1 <t hypolhetischen (ieminizahl der K. M. Z. 
stimint diejenige der P. M. Z. iiberein, hier kommen nämlich ofl wenig- 
stens 5 (ieniini vor. 

Bei Eupatorium glandulosum wie bei Aniennarin nlpiim (insbeson- 
dere bei letzlerer) werden die Chromosomen beim Vbergang von der 
Diakinese in die Metaphase dusserst kurz (Holmgren 1919, S. 90, Jliel 
1900, Fig. 25 a — c, Taf. VI). JuEL sagt (S. 21): »Einige (Chromosomen 
erscheinen doppelt grösser und gespalten> . Vielleieht deulet dies auf 
(lemini oder Assoziationen hin. 

Man kann somit postulieren, dass die pseiidohomolypische Teilung 
(in etwas variierender Gestalt) sowohl beim Antennaria- wie beim 
Taraxaciim-Typus vorkommt. Die Äusserung Rosenbergs (1930, 

S. 54): »Die folgende Metaphase — ähnell ganz einer gevvöhn- 

lichen somatischen Teilung mit längsgespaltenen (Chromosomen , 
diirfte fur die obengenanntcn (iattungen nicht richtig’ sein. Auch in 
Artemisia nitida haben die heterotypischen Chromosomen bei der »Apo- 
sporia goniale» freilich eine wenigcr kontrahierte Gestalt, aber doeli 
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gar kein somatisches Aussehen (Chiahugi 1926) \ Beim Taraxacum- 
Typus kommt ausserdem Bildung von Restitutionskernen vor, dadurch 
bedingt, dass Anaphasen entstehen oder dass die oft zahlreichen Asso- 
ziationen der Metaphase keine Wanderung zur Mitte der E. M. Z, 
unternehmen können. 

DIE KONSEQUENZEN DIESER FORMENBILDUNGS- 

THEORIE* 

Die Formenbildung der totalparthenogenetischen Agamospezies 
ist also teils dadurch zu erklären, dass die zwei Chromatiden eines Chro- 
mosoms wegen Bildung von Gemini oder Assoziationen nicht zu ver- 
schiedenen Polen gefuhrt werden, sondern dann und wann gemeinsam 
wandern, teils dadurch dass crossing-over die Möglichkeiten zu erhöhter 
Formenentstehung realisieren kann. Aus diesen Tatsachen folgen jetzt 
als unmittelbare Konsequenzen: 

Die neuentstehenden y>Mutantem unterscheiden sich gewöhnlich in 
einem Komplex von Eigemchaften (Johansson, 1926, S. 342). Es ist be- 
kannt, dass die Kleinarten der Agamospezies immer viele morphologische 
Eigentumlichkeiten besitzen, sodass sie sogar den Eindruck von Spal- 
tungen anstatt »Mutanten» machen. Die zytologischen Verhältnisse der 
P. M. Z. sowie die bisherigen experimentellen Daten zeigen unzweifelhatt, 
dass die Total- und Halbapomikten als Heterozygoten aufzufassen sind. 
Somit wird ein Fehlgehen der Chromatiden einen Unterschied in vielen 
Fakloren bedingen. Aber mit dem Austausch von Chromosomenstiicken 
ist auch die Möglichkeit gegcben, kleinere »Mutanten» zu erhallen. 
Eine der OsTENFELDschen in Kultur neuentstandenen Formen von 
Hieracium tridentatum scheint nur in einer ?-igenschaft von der Mutter 
abzuweichen. Auch die s. g. Mikrospezies können kleinere Einheiten 
umfassen, wie Dahlstedt (1921, S. 34) fiir T, obliquum und dessen 
Unterart platgglossum, fiir T, Icetum und dessen Unterart obscurans 
hervorhebt. »Diese Formenverschiedenheiten», sagt er, »treten gcgend- 
weise auf, und es scheint, als ob sie nicht von dem Ståndort verursacht 
wären». Gleiches sagt K. Johansson (1926, S. 333) uber die Hieracium- 
Gruppe Rigida: »Es ist als klar und deutlich anzunehmen», schreibt er, 
»dass die meisten Rigida sich in einer Periode von lebhafter Mutations- 
wirksamkeit befinden. In Schweden, wo diese Gruppe besonders reich- 

* Gemini und »semiheterolypische» Teiliingen können hier wie bei Erigeron 
Karwinskianus (Carano, 1921) entstehen. Leider hat A. nitida ein mehrzelliges 
Archcspor, sodass sichere Schlusse in allen Einzelheiten kaum möglich sind. 
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lich vertreten ist, gibt es eine beinahe unendliche Menge von schwaeh 
markierten Formen, die allcn Systematisierungsversuchen zu trotzen 
scheinen» u. s. w. Und Lindberg sagt iiber Alchemilln (1909, S. 36): 
»Es ist freilich wahr, dass sie (d. h. die BusERschen Arten) in auffallen- 
dem Grade konstant sind, doch haben dic ineisten derselben solche 
Variationen aufzuweisen, die weder von der Exposition des Standortes, 
der Feuchtigkeil desselben odcr anderen äiinlichen Umständen direkt 
hervorgerufen sein können». In Taraxacum und Hieracium diirfte das 
Vorkommen dieser Kleinformen bewiesen sein, in Alchemilla sind noch 
die Tatsachen kontrovers. Es muss jedoch kraftig betonl werden, dass 
die Kleinspezies selbst, fiir die Täckholm eine Entstehung durcli wirk- 
liche Mutationen annimint, iinmer durcli eine Mengc von morphologi- 
schen und biologischen Merkmalen ausgezeichnet sind und dass die 
noch kleineren Formen ihnen gegenuber eine seltene Ausnahme 
bilden. 

Wariim entstelien dieselben Mutanten nicht in verschiedenen Ge- 
hieten de^H Verbreitnngshezirkes der fraglichen Miitterarti (ieschieht 
die Formenbildung durcli > non-disjunction», ist ein solches Verhältnis 
zu erwarten. Es ist frulier gezeigt worden, dass durch den ('.hronio- 
soinenaustausch heterogenotypische Formen entstehen, denen es an 
jedeni oder einein in der Natur sichtbare morphologische Vnter- 
scliied niangi^lt. Ja, en wird sognr wahrscheinlich, dass die weit- 
verbreiteten i^Artem in verschiedenen (lebieten ziifolge von crossing- 
over nicht ganz isogenotgpisch sein können, Eine Ausnahme dieser Hegel 
sollte die Aganiospezies Antennaria alpina sein. Thore Fries (1919, 
S. 184) glaubt die gröiiländischen Arten A, intermedia Pors. und 
glabrata Pors. in Schweden gefunden zu haben, während sie in den 
Zwischengebieten gar nicht vorkommen sollten. Sollte es sich hier um 
parallcl entstandene, genotypisch identische Kleinspezies handeln'^ 
Nach dem hervorragenden Kenner der Flora Schwcdens, Dr. N. Sylvén 
in Svalöf, sind sie ullerdings als parallele Variationen ziideuten, dieaber 
sicher nicht identisch sind. Obrigcns sagt Thore 1"ries selbst (S. 189): 
»Die lappländischen Exemplare (von A. glabrata) zeigen nur eine 
schwache Andeutung der Reduktion der Körbchenanzahl; die Bliiten- 
standsachseln und Deckblätter sind schwach haarig». Dr, Sylvén hebt 
auch hervor, dass es alle Obergänge von reiner alpina bis zu dieser 
Variation geben durfte. Aber auch falls sie genotypisch identisch 
sind, braucht dies doch notwendig nicht meiner Theorie zu wider- 
sprechen. 

Woher kommt es, dass einige dieser Kleinspezies gleichwie erstarrt 
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sind, wåhrend andere sich in einer intensiven Mutatonsperiode befin- 
den? Zur letzteren Gruppe gehören z. B. die obenerwähnten Rigida in 
Schweden, Hieracium gothicum mit den Repräsentanten gothicum, 
gothiciforme, pelagiamm u. a. im siidwestlichen Småland. Zur ersten 
Kategorie gehören vielleicht die zwei //iVracium-» Arten» acrifolium und 
lineatum. Von den 15 scliwedischen A/c7iemi7/a- »Arten» ist keine in 
Fennoskandia endemisch, sondern alle sind in dieses Gebiet eingewaii- 
dert (Lindberg, 1909, S. 161). Die Taraxacum-Grnppe Ergthrospermn 
hat ihre Hauptverbreitung im siidlichen und sudöstlichen Europa 
(Dahlstedt, 1921, S. 41), von hier strahlen »Arten» aus, teils sudosl- 
wärts nach Klein- Asien, teils nord- und westwärts. Diese »Arten ^ 
haben hier wahrscheinlichst keine neuen Repräsentanten erzeugt, son- 
dern sind wohl alle hierher eingewandert. Dasselbe durfte auch fiir 
die DLssimilici- und Palustria-Gruppen gelten. — T. rubicundum Dt. 
ist ausserhalb Skandinavien nur aus Osterreich bekannt, hat aber ohne 
Zweifel eine grössere Verbreitung im östlichen und mittleren Europa. 
Ausserhalb unseres Floragebietes gibt es in Europa viele nahever- 
wandte Formen (Dahlstedt, 1920, S. 53). U. s. w. 

Mit dem Fehlgehen der Chromatiden entsteht niigeiiblicklich Ho- 
mozggotie beireffs der dort gelegenen Gene, Auch durch crossing-over 
wird Homozygotie in bezug auf einzelne Faktoren erreicht. Es ist des- 
halb als selbstverständlich zu erachten, dass in dem Bildungsherd eines 
Formenkreises die »Mutabilität» bedeutend gr(”)sser sein soll als in der 
Peripherie. Die in einigen Faktoren homozygotisierten »Mutanten» wer- 
den bei der Wanderung durch andauerndes »Mutieren» immer homozy- 
gotischer: Zuersl kann ein Ghromosomenpaar ganz homolog werden, 
dann ein zweites, später ein drittes u. s. w. Diese Erklärung ist jedenfalls 
fiir gewisse Tatsachen ohne weileres giiltig. Auch besitzen die ver- 
schiedenen Ausgangsfonnen selbstverständlich einen höchst ungleichen 
(irad von Heterozygotie und möglicher (ieminibildung, die eine friihere 
oder sj)ätere Erlöschung der »Mutabilität» bedingen. 

Es ist zu erwnrten, dass man durch intensive zgtologische Studien 
die ältesten Repräsentanten eines Formenkreises entdecken wird. Man 
kann nämlich postulieren, dass die Assoziationen und Gemini gerade 
bei jenen Bio typen stärker ausgeprägt sind, die in den sich bindenden 
("hromosomen totalhomozygotisch sind. Und diese Formen ihrerseits 
sind der ersten Erklärungsweise gemäss gerade die sekundär entstande- 
nen. Die Paarung der Chromosomen beim Taraxaeum- (und Antenna- 
ria-) Typus ist freilich, wie ich gezeigt habe, in der Diakinese der 
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E. M. Z. meistens oder zuin Teil aulgehohen, aber diese Teiidenz inacht 
sich während der Metaphase stark geltend. 

Eine der inleressanlesten Ersclieimingen in der Pflanzengeographie 
ist das eigentumliche Vorkonimen von Antennaria alpina cf, weil ja das 
Weibchen totalparthenogenetisch ist. Manche Hypothesen sind aiif- 
gestellt worden, iini es zu erklären, aber sämtliebe sind nichts als l)losse 
Hypothesen. Juel glaubte, die (/-ExempJare seien als »Atavisnien > zii 
betrachten, aus eiiier Zeit stainniend, wo A. alpina nicht apogani war. 
Der o"-Typus ist nach Juel ausgestorben, aber dann und wann tritlt 
ein Hucksclilag ein, und es entsteht ein o’ -Individuum. Fries dagegen 
glaubt (1919, S. 191), dass vdie mäniiliche Form in der mecklenburgo- 
glazialen Flora während der Eiszeit eingegangen sein kann», und dass 
sie sich danach rein vegetaliv verbreitct hat. Fur A. intermedia nimmt 
er an, dass sie .unter gewissen UmsUinden gezwungen werden kann, 
Sanien zu erzeugeii ' (S. 192). Vielleicht kann das auch fiir A. <dpina r" 
ziitretfen. 

Meiner Meinung nach liegt nun diese Sache sehr einfach. Nach 
JuELs Unlersuchungen soille A. alpina Ireilich tetraploid sein, aber 
schon Holmgren (1919, S. 91 ) hat gefunden, dass Juels Deutung seiner 
eigenen l^^inde sehr unsiclier ist. Aus den Bildern 25 a- c kann man 
eher aui* eine Zahl von ungelähr 80 schlu^ssen. Dr. B. Bergman in 
Stockhohn, der mil mehreren Apomiklenfragen arbeitet, hat mir 
rreundlichst mitgefeill, dass A, alpina hexaploid ist. 

Wahrscheinlich isl .1. (dpina einnial durch Verdoppelung der ( Jiro- 
mosomenzalil. wie so viele andere Apomikten, entstanden (vgl. auch 
JuELs Deutung von ihr als eine Ilyhridel). Jedenfalls zeigt die hexa- 
ploide Zahl, dass die (ieschlechtschromosomen mehrmals vertrelen seiii 
miissen. Die »Dosierungv von X (und Y) in Beziehung zu den Autosomen 
muss dann so aidtreten, dass ein Weibchen (trotz der vielleicht ver- 
doppelten Zahl) auch theoretisch realisiert werden kann. Bei der An- 
nahme einer Verdoppelung der (Jiromosomenzahl ist dies in einer tetra- 
ploiden Form kaum möglich, falls das Weibchen auch y-tHiromoso- 
men enthallen soll, wohl dagegen in einer alloploiden tetraploiden und 
in einer allo- oder autoploiden hexaploiden Form. Das WeibcluMi wiirde 
in diesen Fjällen die Ziisammensetzungen AAAAXXYY, AAAAAAXy. 
AAAAAAXXXXYY. AAAAAAXXXXXY haben können. Tm ersten Fall 
sollte ein Hermaphrodit entstehen, in den aiideren wohl Weibchen. Fiir 
den folgenden Schluss ist es nicht notwendig eine Verdoppelung der 
Zahl anzunehmen, aber ich will doch hervorheben, dass alles fiir eine 
solchc sprichl. Die Daten erklären sich in einer hexaploiden Form von 
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selbst, wenn man nur das Vorkommen von wenigstens einem Y-Chro- 
mosom annimmt. 

Nehmen wir an, wir hätten ein Weibchen von der Zusammenset- 
zung AAAAAAXXXXYY (also eine Form mit verdoppelter Zahl) vor 
uns. Wenn sich nun Gemini in den E. M. Z. bilden, können diese so- 
wohl AA, XX, YY als auch AA, XY (wegen der Homologie dieser letzten 
Chromosomen) sein. Beim Fehlgehen in der »pseudohomotypischen» 
Meta- und Anaphase wurden allmählich folgende Biotypen entstehen 
können: 

AAAAAAXXXXXY AAAAAAXXXYYY 

AAAAAAXXXXXX AAAAAAXXYYYY 

{AAAAAAXYYYYY) 

(AAAAAAYYYYYY) 

1 und 2 werden Weibchen, 3 und 4 sogenannte Männchen (eigent- 
lich, wie unteii mitgeteilt wird, Intersexe), 5 und (5 reine Männchen 
sein. Die beiden letzteren werden wohl niemals in der Natur ange- 
troffen. Die Intersexe können naturlich auch realisiert und in ihrer 
Anzahl vermehrt werden, falls ein Austausch zwischen X und Y statt- 
fiixdet. 

Und nun zeigt die Erfahrung, dass es mehrere Grade von Inter- 
scxualität gibt und dass niemand reine Männchen angetroffen hat, 
Ohne Zweifel ist dies eine Stutze fiir meine Theorie. Wie bekannt 
bestehen zwischen A, alpina 9 und cT dieselben Unterschiede wie zwi- 
schen A. dioicaQ und cf (Fries, 1919, S. 183). Das gewöhnliche 
A, alpina (j’ ist iin Gegensatz zum Weibchen nicht reingeschlechtlich : 
die Bliiten enthalten immer ein, wenn auch steriles Pistill (Neuman, 
1901). JuEL erwähnt und biidet eine abweichende Bliile von cineni 
Cf-Individuum ab. Sie war wohl )>männlich», besass aber kleinere 
Staubblätter als das typische Männchen, die Blutenkrone war schmäler 
und weniger lief gelappt, die Pappushaare in der Spitze unbedeutend 
erweitert und der erweiterte Teil am Rand mit Stacheln versehen, 
besass also kombinierte sekundäre Geschlechtsmerkmale von 9" und 
Cf -Natur. A. interinedia besitzt in einigen Charakteren ausgeprägten 
Cf-Habitus, sämtliche eingesammelten Exemplare sind jedoch laut 
Fries (S. 185) Weibchen, »die freilich eine abnorm späte Blutezeit und 
späten Samenansatz aufzuweisen haben, aber jedenfalls nach Porsild 
während gunstiger Jahre keimfähige Samen erzeugen. Vieles deutet 
auf eine gewisse Abnormität der A. intermedia hin, was vielleicht von 
einem eigentumlichen Geschlechtscharakter verursacht sein kann». 
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Fiir diese Erklärungsweise spricht auch, dass A. alpina schoii 
von Fries lur 23 Standorle des skandinavischen Hochgebirgsgebietes 
angegebcn wird. Aus Grönland isl es nicht bekannt. Naturlich kann 
das da von abhängen, dass dic Agamospezics A, alpina in (irönland und 
in Skandinavien nicht isogenotypisch sind. A, alpina ist in Europa 
liochgradig polymorph. Folgende systemfttische Aberranten werden 
schon von Fries erwälinl: var. canescens, var. simplex, f. rosea, var. 
glabrata, var. intermedia, alpina cf (die gewöhnliche und die von Juel 
beschriebene Form). Ja, Dr. Sylvén hält es nicht fiir unwalirschein- 
lich, dass die Spezies liier ihre grösste Mannigfaltigkeit besitzt. Gerade 
deshalb ist es denkbar, dass die grönländischen Bioiypen keine Y- 
reichen Formen enthalten, die s. g. Männchen produzieren können 
Sehr interessant ist es, dass Taraxacmn Norristedtii 1)T. eine auto- 
ploide, hexaploide Spezies mit grosser Verbreitung in den Atlantisclum 
Gebieten l^uropas biidet und auSwSerdem nur Weibchen enthält. Audi 
hier gibt es aber )^Intersexen». Die folgende Reihe von Abnormitäten 
ist beobachtet worden: 1) Keine Pollenfächer werden gebiidet, 2) es 
gibt Pollenfächer, aber die P. M. Z. degenerieren friih, 3) die P. M. Z. 
zeigen eine normale Meiosis mit bis zu 24 (iemini aber die Tetraden 
werden desorganisiert. Bei Taraxacmn muss eine P\)rmenbildung 
durch Pseudomutation in der E, M. Z. stattfinden, und damit iiberein- 
stimmend zeigt T. Nordstedlii wenigstens in der Metaphase Gemini. 
Diese parallelen Reihen in Taraxaeum und Antennaria miissen mehr als 
blosse Zufälligkeiten sein. 


Dieser kleine Gberblick iiber einige Apomiktenfragen isl naturlich 
sehr fragmentarisch, und es können vielleicht auch Einwände gegen 
diese Theorie gemacht worden. Die oben diskutierten Tatsachen 
durften jedoch nur durch sie ihre Erklärung bekommen, und es scheint 
mir, als ob die Theorie durch ihre Einfachheit etwas Bestechendes dar- 
bietet. Weitere zytologische und experimentelle Untersuchungen mus- 
sen ihre Tragweite bestätigen oder verneinen. Die TÄCKHOLMsche und 
die Kreuzungstheorie in ihrer alten P^assung durften jedoch ausser Spiel 
gesetzt sein. 

Herrn Professor O. Rosenberg, Stockholm, Herrn Dr. N. Sylvén, 
Svalöf, Herrn Dr. K. Mather, Svalöf, und Herrn Dr. B. Berg.man, 

^ Nachdeni dies gcschriclien wurde, habc ich zufälligerweise eine kurze Angabe 
in »Botaniska Notiser» 1887, S. 150 gefunden, wo A. alpina o' auch fiir Grönland 
angegeben wird. 
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Stockholm, sage ich meinen herzlichsten Dank fiir viele wertvolle Dis- 
kussionen. 

Svalöf, den 19. Januar 1934. 


SUMMARY* 

The origin of new forms in totally apomictic forms. 

1. It is shown Ihat tlie formation of new biotypes in »totally apo- 
mictic forms» caiinot lake place by »loss mutations» or »secondary 
crossings». 

2. Restitution nuclei in the E. M. C. of Taraxacum-hioiypes are 
described. 

3. A so-called pseudohomotypic division is described. The chro- 
mosomes of the (semi-)hetcrotypic metaphase wander to the middle of 
the E. M. C., where they first form a dump of elements, which are 
difficult to distinguish. then orientate themselves in the same plane and 
form a homolypic plate with chroniosomes resembling thosc of the 
helcrotypic division. 

4. In the heterotypic metaphases of the E. M. C. gemini are formed 
in different numbers but usually not at diakinesis. This is due to a 
suppressing of the forces of attraction in prophase and diakinesis. At 
metaphase the suppressioii ceases, and »gemini» are formed. 

5. In the pseudohomotypic division it may happen, when geinini 
are formed, that the two chromatids of one chromosome pass to the 
same pole. 

6. When geniini arise at prophase and diakinesis, the chance of 
formation of new biotypes appears to be increased as a result of 
crossing-over. 

7. The theory explains the following cases: 

that the »formse apomictse» of the parthenogenetic populations 
differ from each other by many characters; 

that the so-called mutations in Hieracium and Taraxacum do not 
arise in the different distribution areas of the mother biotypes; 

that in different distribution areas the »formse apomictae» have 
unequally high »mutation frequences»; 

that Antennaria alpina cT arises, in spite of the females being to- 
tally parthenogenetic, by the pairing of X and Y and the wrong distri- 
bution of chromatids in the pseudohomotypic division or by crossing- 
over al prophase. 
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CHROMOSOME FRAGMENTATION IN A 
CREPIS HYBRID 

BY ARNE MVNTZING 

SVALÖF, SWEDEN 


INTRODUCTION* 

D URING a slay at the College of Agriculture, University of (-alifor- 
nia, Berkeley, the present writer had opporlunity to do some 
cytological work on a Crepis hybrid grown in the cultures of Professor 
E. B. Babcock \ As the hybrid in question, Crepis divaricata Lowe X 
C. dioscoridis L. showed some unusual features at meiosis the obser- 
vations made may bo briefly reported and diseussed. 

Meiosis was sludied in pollen mother cells and exclusively in aceto- 
carmine preparations. Those were made, in part directly from fresh 
material, in part from buds fixed in acetic aleohol according to the 
method of Hollingshead (1930). 

Crepis divaricata and dioscoridis have both the haploid chromo- 
some number 4 (cf. Babcock and (^ameron 1934) which is the most 
frequent chromosome number in Crepis, The two species, however, 
belong to different subgenera, divaricata is a member of the Bark- 
hamia group, dioscoridis belongs to Euerepis (cf. Babcock and 
CaiMEROn 1934). 

Seven Fi-plants and a number of plants from each parent species 
were available for study. The Fi-generation was apparently uniform 
and was well developed. Evidently, judging from morphology, fertility 
and chromosome behaviour all Fi-plants were the result of successful 
cross pollina tion. t 

CYTOLOGICAL OBSERVATIONS* 

At first metaphase the hybrid showed a variable number of bi- 
valents and a corresponding number of univalenls. In 57 metaphase 
groups studied, where the number of bivalents and univalents could be 

^ This stay was made possible by fellowships from the Swedish — American 
Foundation and the Kungl. Hvitfeldtska Stipendieinrättningen. I wish to express 
my sincere gratitudc to Prof. E. B. Babcock, Prof. R. E. Clausen and other members 
of the staff for working facilities and for valuable suggestions and criticism during 
the Work, and to Mrs, G. MCntzing for cxcellent lechnical assistance. 
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distinguished the average number of bivalents was foiind to be 1,8, the 
extreme values being 0 and 4 bivalents. The frequency in the different 
classes was the following: 


Number of bivalents at 1 — M: 0 1 2 3 4 

Frequency: 5 21 17 8 6 


Figs. 1 — 5 show first metaphase groups with 0, 1, 2, 3, and 4 bi- 
valents respectively. 

In the parent spc^nes the same stage always showed 4 bivalents 
and no univalents. Only one single first metaphase in dioscoridis con- 
tained 3„ + 2,. Sixteen olher metaphase groups in the same species had 
all 4„. In divftricata 46 groups were examined. all showing 4^ (cf. 
figs. 47—50). 

The nature of the chroniosome association at 1— M caiinot be wcll 
studied .on aceto-carmine preparations. However, lig. 6 shows some 
cross shaped bivalents which are probably held together by interstitial 
chiasmata. In olher cases the associations between the members of a 
bivalent al 1^^-M are evidently terminal. 

The somatic chromosomes of div<iricnt(i and dioscoridis are mor- 
phologically different. Dr. ('.ameron has kindly infornied me thal in 
general all 4 pairs of dioscoridis chromosomes are considerably larger 
Ihan tlfose of divariceda. In the so called 11 and I) chromosomes Ihis 
difference is accounted for entirely by the lengths of the distal arms. 
The A and il chromosomes, ho^vever, also show qiiite a noticeable 
inerease in length of the proximal arms. 

Although soniatically quile distinet those ditferences are not big 
enough to be deteeted at meiosis (compare figs. 47 and 49 which show 
lirst metaphases in dioscoridis and diimricata respectively). Differences 
in chromosome size at 1 — M were observed in the hybrid hut it was 
impossible to identify the different chromosomes of the parent species. 

In other Crepis hybrids it has been possible to demonstrate (cf. 
Avery 1930) thal chromosome pairing is allosyndctic rather than auto- 
syndetic. Most probably, such is the case also in the present hybrid 
as both parent species are non-polyploid. (.onsequently, as the somatic 
chromosomes are different in divaricata and dioscoridis structurally 
different chromosomes somelimes form bivalents in tlu* hybrid. Fig. 7 
shows a first metaphase or commencing anaphase with one clear and 
two probable bivalents. The chromosomes in the latter ones have 
probably just separated. The bivalent in the middle has evidently been 
composed of two chromosomes of rather different size. 
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(Ircpis divaricata X dioscoridis, Fi. Figs. 1 — 13, first metaphase. Figs. 1 — 7, typical 
cells with differenl amount ol pairing; fig. 1, 8i; fig. 2, lii -för, fig. 3, 2ii + 4i; 
lig. 4, 3n -h 2i; fig. 5, 4ii; fig. 6, 3ii -f 2i (two bivalents cross shaped, probably inter- 
•stilial ebiasniata); fig. 7, probably 3ii + 2i. — Figs. 8 — 18, irrcgular metaphase 



CHROMOSOME FRAGMENTATION 287 


In the majority of cases the first metapbase configurations weri» 
quite easy lo analyse and the nuinber of bivalenls and uriivalents 
corresponded to the somatic chroinosome number 8. Sometinies, how- 
ever, first inetaphase groups of inore peculiar lypes were obscrved 
(tigs. 8 — 13). Fig. 8 shows 4 ^^ and oiie additional fragment. Frag- 
ments may sometimes be observed already at diakinesis. Fig. 14 
represents a lale diakinesis wilh 8, and one fragment which is not 
visibly attached to any of the chromosomes. Figs. 9 — 12 all show 1- M 
groups containing more than 8 separate hodies. In fig. 9 there are 9 
bodies, 3 of which are connected to a chain. This chain is similar to a 
Irivalent and cannot easily be interpreted as a bivalent. Fig. 10 shows 
a chroinosome complemenl consisting of 7 — 11 separate hodies, in- 
cluding 1 — 3 fragments. Possibly some of the bodiers are in some way 
connected with each other and only separated by verv marked con- 
strictions. Hollingshead (1930) has observed similar casvs in the 
so called X-strain of Crepis atpillaris. In fig. 11 9 — 10 hodies are to 
be seen. The tw(» smallest ones either represent fragments or a uni- 
valent which has split already at this stage. In fig. 12 there are nine 
hodies, si\ of which are clear iinivalents. The remaining three may 
be interpreled in various ways. In fig. 13, finally, there are two clear 
bivalenls and one clear iinivalent. The constitiilion of the remaining 
two hodies is uncertain. As the somatic number is 8 one of them should 
be a bivalent, the other one a univalent. Judging from their morpho- 
logy bolh of them might be bivalenls but then Ihe univalent is either 
ring-shaped or represented hy the <)lher body. If not a bivalent this 
body may be a rod lying in close connection with an extra fragment. 

From figs. 8 — 13 we may conelude that in a minority of cases first 
metapbase groups occur which contain other chromatin hodies than 
bivalenls and iinivalents. In some cases those hodies are fragments. 

At first anaphase the undividcd univalents and members of former 
bivalenls may be distributed to the poles without complications. Fig. 
16 shows a 4—4, fig. 15 a 5- 3 distribution and in fig. 17 there are ti 
chromosomes at one pole and 2 al the other one. In this hybrid divi- 
sions of univalents at 1 — A seems to be rare and only a few such cases, 
as in fig. 25, were observed. — Fig. 18 probably represents a 4 -4 
distribution in which one chromosome lias split into two halves, both 
being a t the same pole. 

groups; tig. 8, 4ii -|- 1 fragment; fig. 9, »chain» of 3 chroniosoincs, 9 chromatin Ixxlies 
in the cell; fig. 10, 7 — 11 separate hodies, probably some fragments; fig. 11, 9-10 
separate bodies; fig. 12, 9 chromatin hodies; fig. 13, probably 3ii 2i + 1 fragment. 

Fig. 14, late diakinesi.s, 8i i- 1 fragment. -- X 1300. 
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The »clean» separations just described were less frequent in this 
hybrid than »unclean» first ana- and telophases characterized by chro- 
matin bridges and fragments between the anaphase groups (figs. 19 — 
29). Typical chroniatin bridges are represented in figs. 22—25. As a 
rule only one bridge in each cell could be observed, but sometinies 
more than one may be present (fig. 24). Fig. 19 shows an earlier stage 
and the beginning of a bridge. The Z-shaped configuration in the 
centre will no doubt at later slages give rise to a typical bridge. Fig. 20 
also shows a relatively early stage, where the chromatin connection 
between the anaphase groups has not yet become attenuated. In fig. 21 
the chromatin bridge consists of one unbroken part to the left and two 
separated arms to the right. Between I — A and interpha.se the bridge 
breaks but in telophase tlie connection may still persist (fig. 29). 

Breakage of the bridge may give rise to fragments of different size 
^figs. 24, 26, 28). However, fragments are formed al.so in another way. 
Repeatedly round fragments were observed close by or near the middle 
of the bridge hut distinctiy separate from it. Figs. 22 and 23 are 
typical. Fragments of the same type are to be seen in tigs. 21 and 25, 
probably also in figs. 20, 24 and 27. 

In some cases the total number of chromosomes and fragments 
could be counted at first anaphase. Fig. 26, for instance, shows 11 
different bodies two of which are clear fragments. The third body 
])etween the poles mighl be one half of a divided univalent but is 
j)robably a big fragment. At each pole there are 4 chromosomes. In 
fig. 21 there is to the left of the bridge configuration one fragment and 
to the right 7 separate bodies, probably represen ting five imdivided 
and one divided chromosome. In fig. 20 there are six imdivided chro- 
mosomes besides the bridge and a probable fragment just above the 
bridge. 

(Irepis divaricaiay. dioscoridis, Fi (coiitiniifct). Figs. 15 28, first anaphase. Figs. 

15 — 17, regular .separation: tig. 16, distribution 4 4; fig. 15, distribution 5- 3; fig. 17, 

distribution 6 — 2. Fig. 18, distribution — 4. — Figs. 19—27, »unclean> .sepa- 

ration, formation of chromatin bridges and fragments. Fig. 19, Z-shaped configura- 
tion, the beginning of a chroniatin bridge; fig. 20, early chromatin bridge between 
the poles, on the bridge probably a fragment; fig. 21, chromatin bridge consisting 
of one unbroken strand and two separated arms, to the left of this bridge one frag- 
ment, to the right the distribution 3 — 2 + ^/s; fig. 22, thin bridge and fragment 
near the bridge; fig. 23, bridge and fragment as in fig. 22, one univalent or half 
univalent eliminated; fig. 24, two chromatin bridges, formation of fragments by 
breakage; fig. 25, small fragment close by a bridge, division of one univalent; fig. 26, 
11 different bodies, some of which are fragments, fig. 27, 1—2 Iragmcnts between 
the anaphase groups. Fig. 28, late anaphase, fragments and indication of an 

earlier bridge. — * X 1300. 
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Al interpiuise nll clmmialin bridf^es have disapp(*ared bul eliminated 
chromatiii bodies are 1'requeiitly found belweeii tlu* Iwo inttirpliase 
nuclei (figs. 30—32). Tlie nuinber of eliminaled bodies al inlerpliase 
was delermined in 108 pollen inolher cells. The following freqiiencies 
were obtained: 

Number of cbn)inatin bodies: 0 1 2 3 4 5 

Frequency: 31 44 25 0 1 1 

The averajjfe number is Ij. 

In llie parenl species no eliminaled bodies are foiind al inlerphase. 
In divaricatd 100 polI(‘n molher cells at Ihis staj^e showed quite clean 
separation and llie saim* Ihini» was obstTved in 20 cells of dioscoridis. 

The eliminaled bodies w(‘re {L^enerally small and in most cases Ihev 
undoubtedly repr(*s<Mil fraj^menls and not entire or half chromosomes. 
In fig. 30 an exceplional case is seen, wliere probably a whole chro- 
inosome lias been lefl betweeii tlie poles. As Ihe chromosome distril)ii- 
tion is somelimes ralher nne([iial the interpliast» nuclei may sometinies 
differ considerably in size (fig. 31 ) 

Fragments may l)e seen also in the second division as for inslance 
in fig. 33. \\hich represents a second nieta|)hase in side view. Fig. 34 
is probably a sectmd melaphase in i)olar vi('w, showing two groups 
of four chromosomes and Iwo additional fragments. Fig. 35 shows a 
more irregular second melaphase with Ihree differenl chromosome 
groups. In one of lliem Ihere is a big loop-shaped chromosome. The 
ap[)arent ccmslriclions on this chromosome probably represenl trans- 
verse divisions lietween chromomeres and not spindle fiber atlachmenls. 


(Irepis (livfiricafa X dioscoridis, Fi (coniimied). 29, Urst U-lopliiist*, iiiil>n)keir 

brkif»o and idiininaled fragiuoiit. Figs. *9) -.*{2, inl<*ri)has(‘; i ig ;t(), i)rol)al)ly an 
tMdirr rhroinnsnnK' idiininatcd: fig 31, one Iragnu^nt oliniinalcd, datighler nurU‘i of 
inHHfiial size; lig, 32, 2 oliininafcd fragments of diflerenl size I'igs 33 33, 

second inelapliase; fig. 33, side view with l>\o fragments; fig. 34, polar \iew, Iwo 
groups of 4 chromosomes and 2 Iragmeiils; i ig. 3.3, irr(*gnlar II-- M, in om* (»f the 
Ihrec groups a long bent chromosome. — Figs. 3r>— 44, second anaphase; lig 3r>, 
two long cliromosonies, forming bridges bctweeii the anaphase groups, normal chro- 
mosomes and tragments; figs. 37— .38, onc chromatin bridge ol the same type as in 

4 , t 

fig. 30; figs. 30—41, ivlatively regiilar second anaphases; lig. .30, distribution - -f -J 

fig. 40, distribution I + 4~ I ; hK- •H» chromosome undividcd, eliniinated in the 

2 3 

first division, the other cljromosoines in two groups with the distribution and r 

resp., in the latter group 2 fragments; figs. 42 44, irregular second anaphases; fig. 42, 

16 chromosomes + one fragment; fig. 43, 10 chromosomes, no iragnuail. — X 1300. 
Hcr^rdilm XI K. 20 
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Such transverse divisions may occasionally be obtaincd after pressure 
in older aceto-carmine preparalions (Belling 1926). There is reason 
to suppose that tliis loop-shaped chromosomc corresponds to the 
chromatin bridges seen at I — A. If that is true, the long chroinosome 
in this casc has not been stretched oul between the poles but has been 
included without breakage in one of the interphase nuclei, This hypo- 
thesis is strengthened by tlie fact that chromatin bridges in relativeiy 
low frequency also occur a t second anaphase. 

Such cascs are represenled by figs. 36 — 38. In fig. 36 there are 
Iwo bridges, in figs. 37—38 one bridge in each cell. All these bridges 
connect the two II — A groups which came from the same metaphase 
group. The shapc of the bridges in fig. 36 strongly suggests that they 
are long chromosomes with two suhterminal spindle fiber attachments. 
— In fig. 36 there is a total of more than 16 bodies some of which 
are evidently fragments. In fig. 38 there is also a small fragment. It 
will be iioticed that these fragments are not lying close by the bridges 
as was found to be characteristic of bridges and fragments at I — A. — 
The bridges occurring at II — A may sometimes persist till II — T as is 
evident from fig. 45. 

The second divisions show all gradations between ralher good 
regularity and extreme irr(»gularity, Figs. 39 — 41 show fairly regular 
second anaphases. In fig. 39 the chroinosome distribution is evidently 
4 4 

In fig. 40 two chromosomes are at a different level from the 


othor chromosomes and consequently there are three groups with the 
4 3 1 

distributions and In fig. 41 one chroinosome has evidently 

been eliminated in the first division and has not divided. The remain- 

2 5 

ing chromosomes are in two groups with the distribution 7 . and ^ . In 


the five groups there are two fragments. Their position indicates that 
they ha ve arisen from one original fragment which has divided. 

Figs. 42 — 44 show irregular second anaphases with no clear chro- 
mosome groups. In fig. 42 there are altogether 16 chromosomes + 1 
fragment, in fig. 43 16 chromosomes but no fragment. Fig. 44 probably 
contains 14 normal chromosomes, 2 fragments of different size and 
one long chroinosome at 12 o’clock. This chroinosome has probably 
two spindle fiber inserlions and is of the same type as the chromatin 
bridges in figs. 36 — 38, described above. 

()n account of the irregularities in the first and second divisions 
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the secolid telophn&e nuclei are qiiite variable in number and ske. 
Often more than four nuclei are iorined (ligs. 45 46). The niunber 

of II — T nuclei was counted in 204 pollen niother cells. The a\ erage 
number was found lo be 6,2 and the frequeiieies in the ditierent classes 
were the following: 

Number of cells: 4 5 6 7 8 9 10 

Frequency: 33 40 38 50 30 9 1 

The average numl)er ol cells at the tetrad stage was tound lo J)e 
4,4 and is consequenlly low^er than the averag(‘ number ot 11 — T nuclei. 
This is due to the lact t hat one tetrad cell niay contain more than oiie 
niicleus. Penlads and he\ads were Irequent, how’e\er, as showm in the 
iollowiiig count ol 300 pollen mother cells at Ihe tetrad stage: 

Number ol cells: . . .1 2 3 4 5 6 

Freciuency: - - 1 2 201 82 14 



( rcpis ata y diosi ondis, /i (c ontiniied) Fjj; 44, se( ond aiiaphase i)i()hal)lv 

14 iioinial ( hioniosoiiu s, 2 liagnuMits ol <lilk*rt*iit si/c* and oiu* long clironiosoim* 
with two spiiidlo Ijbn atlachnifiits 1 4.> 40 socond t( lophascs,^ in li^' 4") a 

(oniKction Iwo iuuI(m, piobabh losulfing liom a chiomatin bi idgt al 

II A X 1300 

In this Inbrid, in contrast to the trvpis hybrids sludied In Am^RY 
(1930), praclically no dyads are tormed. This is probabh conneeted 
with the lact thal in the present hybrid division ol univalents is rare 
in the tirst division. In the parent species the divisions are» ri*gular 
(tigs. 47- 53) and iiractically only regular tetrads are lormed. One 
liundred tetrads in dioscoridis were examined and had all 4 cells. In 
divaricaia 99 cells were regular and one single cell was a triad. 

The absence of dyads in the pollen probably accounts tor part of 
the pollen sterility observed in the hybrid. No thorough studv of 
sterility in the hybrid wms made but some samples ot pollen stained 
with aceto-carmine showed practically only shrivelled grains. As the 
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hybrids were examined in winter time (February) and were grown 
under grecn house conditions, fertility may be better under better en- 
vironmental conditions. Of the parent species, examined at the same 
time, divaricata showed a high percentage of abortive pollen. The 
avcrage value from five plaiits was 46 per cent apparenlly good grains, 
the extreme values being 36 and 58. One dioscoridis plant had 81 per 
cent good pollen. — Female fertility was not studied in the hybrid 
but may In* better thaii on the male side. 


DISCUSSION AND INTERPRETATION* 

In conlrast to the parent species which regularly show 4„ at I — M 
Ihe iiybrid divaricaUi X dioscoridis has variahle chromosome pairing, 



Tips. 47— .jJt, nuMotu* divisions in ('.repis dioscoridis and dioorivotn. Fig. 47, I M in 
F, dioscoridis, polar xivyy 4ii, ligs. 48 -53, C. diuaricata. Fig. 48, diakinesis show ing 
4ii with hd(*rstiiial chiasinatu; lig. 49, I--M, polar view% 4ii, fig. 50, I- M, side \iew% 

4 4 

4n; lig. 51, I A, distrilnttion 4- 4; lig. 52, early II — A, dislrihution 7 + 7 ; fig. 53, 

4 4 

regular II— A. — X 1300. 

i, e. a certain amouiit of non-conjunction. Variable pairing a t 1 — M 
Jias prcviously been observed in several other Crepis hybrids, e. g. in 
the material studied by IUbcock and (.lausen (1929), Hollingshead 
(1930) and Avery (1930). 

The ralher irregular meiotic divisions and the high degree of 
slerility in the hybrid C. diimricata X dioscoridis is in good agreement 
witli the taxonomic relationship of the two species. C. divaricata be- 
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longs to subgenus Barkhausia, C. dioscoridis io anotlier subgeiius, 
Eucrepis, On the other hand cbroniosonie pairing at 1 — M is frequeni 
eiioiigh to demonsirate a certain degree of genotypical similarity bet- 
wecn those subgonera. The degnv of clironiosome pairing and fre- 
quency of irregiilarities in divariada X dioscoridis are similar lo those 
of the hybrid (Irepis UtroKtvifolui X tectorum studied by Babcock and 
(iLAUSEN (1929). Those species also lielong to different siibgenera. 
inroxacifolia to Barklitnisid, tecioriim lo Eucrepis. 

Partial failure of clironiosome conjugalion in species hyhrids is in 
most cases assumed lo be due eilher lo genic dissimilarity all along the 
chromosomes or to striicliiral dissimilarity or to both circumstances in 
co-operation. — In the present hybrid there is wiih cerlainty a certain 
amount of structural dissimilarity as the genoms of the parent species 
are morphologically somewhat different. However, since as many as 
4 bivalents are ofteii formed in the hybrid, the pairing chromosomes are 
probably partially homologous. Phe meiolic behaviour after 1 M 
strongly indicates that in the chromosomes some segments are homo- 
logous, others non-homologous. From her studies on meiosis in cerlain 
(Irepis hybrids Avkry (1930) conchides (1. c. pp. KU - K>4) that pairing 
helween morphologically dissiinilar chromosomes is due to presence 
of homologous segments which are still left after series ol transforma- 
fional processes. Such processes which induce changes in chromosonu* 
morphology as well as in chromosonie numher ha ve no doubt been al 
work in the genus Crepis (cf. IIollingshead and Babcxk:k 1930 and 
Habcock and Navashin 1930). 

(Jiromosome bridges at I- A are frequeni in the hybrid divaricula 
X dioscoridis Imt were not observed in the parent species. Those 
bridges are formed by bivalents or chromatin bodies similar to bi- 
valents, which separate with difficulty. Finally, before interphase, the 
chromosonie bridges disrupt and by this disruption fragments may 
arise. But other kinds of fragments are frequently seen near the 
bridges hej or e their breakage. Bridges and small fragments near the 
bridges were so ofteii observed that it is ])robable that they arise due to 
some common cause. Tlu* most probahle explanation is that the 
pairing chromosomes are segnientally homologous and that Crossing 
over may occur in such segments. If the segments have a somewhat 
different position in the two chromosomes llu‘ result of Crossing over 
will be simultaneous formation of fragments and loiig chronialids. 
Sonic different possibilities may be diseussed. 

1) The pairing chromosomes have the conslitulion 1 — 2 — 3 and 
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Diagrams / — /V. Differc-nt ways of simuUaneous formation of long chromatids wilh 
double attachment and fragments with no attachment constriction. — Diagram I, 
tiie chromosomes have one lerminal segment (2 — 3) in common, which is inverted 
with respecl to tlie spindle fiber attachment. — Diagram II, the segments are not 
terminal bul have a different position in the two chromosomes. As in diagram I 
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2 — 3 — 4 respectively. The spindie fiber attachments are bctween 1 and 
2 in one chroinosome and betweeii 3 and 4 in the ofher one as showii 
in diagram I a, ("omparing tlie two chromosoines the lioniologous 
segment 2 — 3 is inverted with respect to the spindie fiber atlachnient. 
If Crossing over occurs in the segmcmt 2- 3 (diagram t h) the following 
chromatids are formed: two chromatids of normal length and with 
one spindie fiber attachment (l — 2 — 3 and 2 — 3 — 4), one long chro- 
matid with doiible attachment (1--2 -3 — 4) and one fragment with 
no spindie fiber attachment (2 — 3). The long chromatid will give the 
bridge al I — A, the chromatids of normal length will separale and the 
fragment will be sel free. In most cases, however, it will be sitiiated 
near the bridge (tigs. 22 23 are rather typical). 

2) Fragments with no attachment and long chromatids with double 
attachment may arise even if the homologoiis segments are not ter- 
minal. It is enough if Ihey have a somewhat dilferent position in the 
two chromosomes and the spindie fiber attachments are on different 
sides of the segments as in diagram II. If the chromosomes have the 
constitution 1-2- 3 ~ 4 and 5 — 2 — 3 — (>, Crossing over in the segment 
2 — 3 will give four chromatids with the constitution 1 — 2 — 3 — 4, 
5 — 2 — 3 — 6, 5 — 2—3 4 (double attachment) and 1 — 2 — 3—6 (no 
attachment). The behaviour at 1 — A will be the same as in case 1 ). 

Diagrams l and II are made up according lo Bi:LLiNCi's theory of 
eytological Crossing over (Helling 1931 a, 1931 b, 1933). In principle. 
liowever, the same resull would be obtained on basis of the other 
current Crossing over theories (ef. Darlington 1932 and Sax 1932). 

Another possibility of simultaneous formation of double attach- 
luent chromosomes and fragments is represen led by diagram IV. 
According to Beli.ing iiew^ connecting fibers between the chromioles 
are formed at late pachytene. If, at a point of Crossing over, 
the new conneclions occasionally lead to new chromatids of the type 
illustrated in diagram IV the resull also in this case will be a long 
chromatid with double attachment (1 — 2 — 2 — 4) and a fragment with- 
out attachment (3 — 3). As before it is assumed that the two chroino- 
somes are homologous only in the segment 2 — 3. This explanation, 
however, can not be applied to the present case, as chroinosome bridges 
and fragments are foiind only in the hybrid, not in the parent species. 

the spindie fiber altacliments are on diffcrenl sides of Ihe segment. — Diagram III, 
as diagram II biit the spindie fiber attachments on the same side in relation to the 
homologous segment. — Diagram IV, long chromatid with double attachment and 
fragment formed by exccptional dircction of the new connections between the 

chromioles. 
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According to diagram IV the exceptional Crossing over suggested might 
oceur equally often in the species as in the hybrid and that is not 
Ihe case. 

The explanation of the »unclean» separation at I — A in the hybrid 
C. divaricata X dioscoridis as being due to Crossing over between homo- 
logous segments with differenf position is strongly supported by 
Mc Clintock s iiivestigations in Zen ways (Mc Clintock 1933). In one 
case of inversion long chromatids and fragments were formed after 
Crossing over. Tlie appearance of I — A in this case is exactly of the 
same type as in the present Crepis liybrid. 

(Uiromosomes with double attachment have also been produced 
by radiation. Mather and Stone (1933) observed such chromosomes 
ill somatic divisions of Croeus and Tidipa species shortly after X- 
radiation. VVhen such chromosomes divide Ihe two attachments on 
each chromalid may go to the same pole, giving perfeet separation of 
the daughter chromosomes. Equally often, liowever, the two attach- 
ments on each chromatid may go to opposite poles. In such cases tlie 
chromosomes are drawn out and finally disrupt. 

Double attachment chromosomes also have been observed at 
meiosis in Nieotiann iabnciim in progenies from X-rayed plants ((ioon- 
SPEED and Aveky 1933). In »deformed» planis two »F »chromosomes 
are attached and fail to disjoin at I - A (1. c. p. 510). At I — T a 
cliromatin bridge is often formed. Sonietimes the F\s fail to reach 
eilher pole and lag between the daughter nuclei. At olher times tlie 
entire produet (»f altachment goes to one pole, or rarely, the attach- 
ment breaks at 1 — T. In the Crepis hybrid under diseussion breakage 
a t 1 — T on the contrary seems to be the nile as no interphases or 
second metaphases werc observed to be conneeted by cliromatin 
bridges. 

(^ases of simiiitaiicous formation of fragments and long chromatids 
in species hybrids have not previously been clearly described. Prob- 
ably, however, such cases are not very rare. In another Crepis hybrid, 
capillaris tecioriim, Hollingshead (1930) menlions that an »un- 
clean» separation of partners of bivalents not seldom lakes place. This 
involves extreme attenuation of anaphase chromosomes which some- 
times results in fragmentation. In Crepis capillaris X leontodontoide^f 
A VERY (1930) has also observed fragmentation of chromosomes at first 
anaphase. 

In a Nieotiann hybrid studied by the present writer (N. bonariense 
X Langsdorfii, unpublished data) the situation is very much the same 
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as in Crepis dwaricata X dioscoridis, Chromosome bridj^es are Ire- 
queiit at 1 — A and fragments are present both before and after disrup- 
tion of the bridges. 

A fiirtluT case is alTorded by a species hybrid in fhe genus licmi- 
zonia. Dr. Jens ('xausen has kindly informed me that in llie hybrid 
Hemizonia uirgata X heermaimii cliromatin bridges and fragments are 
frequcnt at first anaphase. 

In her paper of 1933 Mc ('xintock describes numeroiis cases of 
non-homologous association at pachytene. Those associations seldom 
persist to diakinesis and inetaphase biit neverthel(‘ss according to this 
author, altered cliromosomes and fragments may bt» the result of non- 
Jiomologous association. 13ie (|uestion may therefore be raised w hether 
siich non-honiologoiis association occurs also in tlie Crepis hybrid 
studied. Indicatioiis in favour of such an assnmplion are the occasional 
presence of fragments already at diakinesis and first inetaphase (figs. 8 
and 14) and the cases of peculiar first inetaphase arrangements 
described above (p. 287). There is also some other evidence that non- 
homologous association sometimes may occiir in Crepis plants. Na\ A- 
SHiN (1929, 1930) mentions the occurrence of fragments in plants of 
Crepis iectorum and C, capillnris. Fragments were also observed in 
the progeny of triploid Iectorum (Navashin 1929). In the same species 
also ring-shaped chromosoines ha ve been observed (Navashin 1929). 
Those abnormalities may have arisen in somatic divisions l)ut in the 
light of Mc (^LINTOCK s investigations it is inore probable tliat the cause 
is non-homologous association at ineiosis. 

In the present hybrid, however, the fr(*(jiient occurrence of chro- 
matin bridges and fragments at I-- A is too regular to be due simply 
to non-homologous association. As the frequency of bivalents is rela- 
tively high and not seldom ali chromosoines are paired it is un- 
reasonable to assume that <dl pairing is non-homologous. As conse- 
([iiently homologous association must occur, it is very probable that 
new chromosome types arise by Crossing over in homologous segments. 

It should be emphasized that an unlimiied number of new chro- 
mosome types may arise by the mechanism at work in C. divaricata 'K 
dioscoridis (or a number only limited by the number of chromomeres). 
The long chromosoines with two attachnients may break at any point 
between the spindle fiber insertions. As there are two spindle fiber 
attachments two of the resulting bodies have the possibility to persist. 
F.crtainly most of the resulting chromosome types will be lethal to the 
gametes carrying them but some of tliem will probably give viable 



300 


AANE MONTZING 


gamefes. If the long chromatid in diagram I b breaks between the left 
spindle fiber attachment and point 2 or between the right spindle fiber 
attachment and point 3, chromosomes arise, whicli correspond to either 
of the parental chromosomes + a piece of the other chromosome, 
forming a terminal translocation. Such chromosomes with excess of 
chromatin probably give inore viable gametes than deficient chromo- 
somes. — The variety of new chromosome types will be further in- 
creased due to the fact that Crossing over may occiir at any point in 
the homologous segments. 

It is conceivable that in other species hybrids the spindle fiber 
attachment may be on the same side in relation to the homologous 
segment. In such cases chromatids with double attachment are not 
formed hut quite new chromosome types may nevertheless arise by 
Crossing over. This is illustrated in diagram III. Crossing over in the 
segment 2 — 3 between the chromosomes 1 — 2 — 3 — 4 and 5 — 2 — 3 — 6 
will give two new chromosome types 1 — 2 — 3 — 6 and 5 — 2 — 3 — 4, hoth 
having one spindle fiber attachment. 

As progeny of C. divnricatn X dioscoridis has not yet been studied 
it remains to be seen whether new chromosome types appear in later 
generations. However, tliere is evidence of this kind in other species 
crosses in Crepis, In F^-individuals of the cross Crepis capillaris X 
mpera Navashin (1927) observed structural changes of one of the 
capillaris chromosomes and coneluded that this change had probably 
oceurred at meiosis in the Fj-liybrid. In a later paper (Navashin 1933) 
the same author on basis of observations on Crepis material coneludes 
that chromosomal rearrangements are highly inereased in inter- 
specific liybrids and other cytologically unbalanced types. Finally, in 
a recent paper (1934), chiefly dealing with »regular amphiplasty» 
Navashin also mentions seve;ral cases of »sporadic amphiplasty». In 
those cases morphologically and no doubt also structurally changed 
chromosomes were observed in the progeny of species crosses. Some 
of the new chromosomes were smaller than before, others bigger. 
Evidently such jihenomena oceur not infrequently in Crepis and prob- 
ably also in other genera. 

Tlierefore, species crosses may lead not only to new constellations 
of unaltered chromosomes but also io structurally changed chromo- 
some types. As the Crepis species, and plant species in general, differ 
not only in chromosome number but often in chromosome morphology 
such structural alteralions are probably of evolutionary value. The 
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cytological observations described in this paper olTcr an explanation 
as to the possible mechanisni of siich chromosome alleralions. 

SUMMARY. 

1) The Fi-hybrid belvveen the 4-paried spc^cies (Irepis divaricaUi 
and dioscoridis shows variable chromosome pairing at first metaphase, 
0 — 4 bivalents bcing formed. 

2) At first anaphase some bivalents separalc wilh difficulty, he- 
come drawn oul and form chromatin bridges which break before inler- 
phsise. 

3) At first anaphase fragments are often found near the bridges. 
Olhcr types of fragments are formed by brcakage of the bridges. 

4) As is evident especially from second anaphase observations the 
chromatin bridges represent double atlachment chromosomes. 

5) Simiiltaneous production of long cliromatids with double attach- 
ment and fragments without attachment is probably caused by Crossing 
over in homologous segments, if (a) the segments have a different 
position in the pairing chromosomes and (b) if the spindle fiber attach- 
ments are on different sides of the segment. 

6) (Tossing over in species hybrids between homologous segments 
of striicturally different chromosomes may give rise lo a high number 
of new chromosome types, some of which are probably of evolutionary 
value. 

Svalöf, (’.yto-genetic Department of the Swedish Seed Association, 
May 1934. 
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THE BEHAVIOUR OF MEIOTIC CHROMO- 
SOMES AFTER X-IRRADIATION 


»y K. MATHEK 

SVKRIGKS IT.SÄI)ESF(>RKXINC., SWLOF, SWEDKN 

(Lecilire delimred hefore Mendelska Sällskapvt, Åpnl 103)) 


I. INTRODUCTION- 

A S a msult of llu* vvork ol iiumFroiis cytologisls iisiiij,' a vvide raii^e 
loI* IjoUi animal and planl material, the general outlines of chro- 
im)some hehaviour al meiosis have heen clearly demonstrated. 1'liere 
is still disaj^reemenl on several iiiiportaiit poiiits notahly oii the iiatiire 
of the cliiasma and its ridations wilh crossing-over and on the relations 
lietweeii mitosis and meiosis. All the hypolheses put forward lo e\- 
plain Ihese disputahle poinls have one thin{4 in common viz. they are 
all ))asi‘d on inlerences drawn from observations on the hehaviour of 
normal chromosomes during somatic and rednction divisions. 

During the last few years, however, it has heen conelusively proved 
thal chromosomes can be altered morphologically and lunctionally by 
treatmenl of the organism wilh X-rays and the y-rays of radium. The 
sludy of such abnormal chromosome types has lead to imporlanl ad- 
vances in our knowledge of chromosome behaviour in a number ol 
organisms [larlicuLirly Drosojihila and Zm. 'Fhis work has heen mainly 
concerned wilh the behaviour of chromosomes long after treatmenl. 
indeed having been largely perfornied on the offspring of Ireated 
organisms. 

Il is known, however, that the direct effect oi \-radiation ditfers 
wilh the tyjie of cell division under consideration. In somatic divisions 
the chief effect is the prodiiction of major slruclural changes. In 
gametic mother-cells undergoing reduclion division the result of similar 
Ireatment is of a more violent iialure of len result ing in the complete 
disruptioii of a large part of the chromosome complement. The n^ason 
for Ihis differencc must be sought in the different influences which are 
affecting the chromosomes in the two types of division. Therefore a 
careful comparative sludy of the behaviour of the chromosomes im- 
medialely after irradiation must throw some light on the nature of the 
differences between the two divisions and the reason for the typical 
response of the chromosomes to tliese changing influences. 
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Goodspeed (1929) and his co-workers have studied the effect of 
X-ray treatment on the meiotic divisions of Nicotiana^ which, however, 
is rather unsuitable material as the chromosomes are small and rathcr 
numerous. Levitsky and Arar ATI an (1931) and Mather and Stone 
(1933) have exainined the somatic divisions in irradiated material. 
They have demonstrated that the only abnormalities produced are of a 
major structural nature viz. fragmentation, fusion, translocation and 
probably deletion. Stone (1933) has atlempted a preliminary analysis 
of the differenccs belwoen the effects of X-radiaiion on somatic and 
meiotic chromosomes, suggesting that they can be linked up with the 
differenl forces under which the chromosomes are acting during the 
two types of division. 

present paper is a preliminary account of nieiosis in trcated 
plants of Vida faba and T radescantia bracteata, The observations 
liave demonstrated certain similarities and differenccs in the behaviour 
of irradiated chromosomes of the two plants and point to certain con- 
clusions respecling the chromosome forces in operation. These con- 
clusions are, however, of so important a nature that they will require 
confirmation by observations on other organisms before a final decision 
is reached. 


II. MATERIAL AND METHODS* 

The two species Vida faba and Tradescantia bradeata were 
chosen for sludy because both have a low number ol large chromo- 
sonies (n = 6) that will fix well and both are comparatively prolific 
in the production of flowers over a reasonably long period. 

The Vida plants were grown in pots from germination onwards. 
Two plants, viz. XI and X2, were irradiated just as flowering coni- 
menced in May. The dosage was the same for both viz. 

64 kilovolts 5 milliamps 30 cm. target distance 
unscrcened radiation for 10 min vites 

Meiotic divisions in these two plants were fixed as follows 

Plant XI A 3 days af ter treatment 
» X2 A 4 
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Control material was obtained by fixiiig meiosis in a third plant wliicli 
was a sister of tlie two treated individuals. 

The Tradescantia plants were growing in the open as perenials. 
('.ontrol material, botli root tips and pollen inother-cells, was first fixed 
and then flowering sliools were lifted, irradiated and planted in pots 
in the greenhouse. At first Ihree plants 2()\ 21^ and 21" were treated 
with a dose of 

04 kv. 5 ma. 30 cni. target distaiice iinscreened radialion 15 mins. 
and fixations were made as follows 

Al. 2 days afler trealmenl 
2. 4 — - 

5 __ _ . . _ _ _ 

4. 0 - - 

Siibseqiienlly some further material of the plants 21\ 21“, 21*^ and 22^ 
were irradiated witli tln* same dose as before except that the treatment 
was for 10 mimites only, and fixations were made 
Hl. 7 days after treatment 

2 . 11 — 

;u 

One efleet of treatment seeined lo be a tendeney for tlie tlowers to go 
dry and the antliers sterih*. This happened in both the species worked 
with. 

The treatment of llie i)lanls studied leaves iniich to be desired but 
the observations are of a preliminary nature and will be siihsecjuently 
checked and extonded by more carefully arranged studies. 

The control material of Vicui faha was fixed by the smear tech- 
nique (La Lour 1031) using Flemmings medium solution. The fixa- 
tion was cxcellenl but the anthers are not well suited to this inethod 
as they are ralher dry. ('.onseciueiitly all preparalions of treated ma- 
terial were made by fixing whole buds in 2BE after a minute in ('.arnoy. 
The buds were then embedded and sectioned at 25 The fixation was 
variable but, on the whole, good. 

The Tradescantia root tips were fixed in 2BE and sectioned at 40 //. 
The pollen mother-cells were all fixed by the smear inethod to which 
all species of this genus are well adapted, using at first a numher of 
different fixatives. The best of these proved to be 2BE diluted with an 
equal amount of lap waler. This mixturc was used for all the later 
fixations and gave consistently good results. 

All staining was done by Newlon\s gentian-violel-iodine inethod. 
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III. UNTREATED CONTROL MATERIAL. 

U VICIA FABA* 


The soniatic chromosonies of this species have been studied by a 
number of workers, nolably Maeda (1930). The species is diploid, the 
haploid complement consisting of five sliort subterminally attached 



Fig. 1. Coniplete iiuclei at the lirsl iiieiotic division in iintroated Vida fnba. 
(a) polar sivw. (h) sidt* vii*w with two bivalcnts intvrlockcd. — X 2200. — Fig. 2. 
Soniatic iiiitoscs from two imtroatcd plants ot Tradescantia bractcaia. (ri) plant 21*. 
(/>) plant 21*. — X 2200. — Fig. 3. The fir.st meiolic division in unlrealed Trada- 
scniitia braeteata. Noto in («) univaients and in (a) and (c) intcrlocking. — X 2200. 

chromosoines (the m cliromosomes) and one chromosome twice as long 
as the others with a median attachment (the M chromosome). 

The propliase stages of meiosis did not fix well in my control 
material but from metaphase onwards a very clear pieture of chro- 
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mosome behaviour was obtained. Meiosis is entirely normal, six bi- 
valents boing consisteiitly formed al the first division, llie M chromo- 
some can be easily distinguished (Fig. 1 ). The inetaphase cliiasma- 
frequency and terminalisation of the Iwo classes of bivalent from fifly 
cells are given in Table 1. It will be seen that the mean chiasina- 
frequency of the M bivalent is almost exactly twice that of the m 
bivalents, but that the variance/mean ratio of the chiasma-frequency 
distribution is the same in both cases indicating that the degree ol’ 
interference in chiasma formation is the same in both classes. These 
data differ somewhat from those of Maeda as analysed by IIaldane 
(1931) who foiind a somewhat higher mean and distinctly higher 
variance than is recorded here. 


TABLE 1. Vida faha. 


1 

Mean 

Variance 

Variance 

Mean 

Terminalisation 
' Coefficient 

1 

! 

Control 111 1 

3,42 

0,63 

0,18 

1 

0,087 ' 

M ; 

7,o« 1 

1,26 

0,18 

0,068 1 

Three davs in | 

3,29 1 

0,94 

0,29 

0,068 1 

M 1 

7,00 

2,36 

0,30 

0,049 1 

Twenty four days iii 

4,10 1 

1,47 

0,38 

0,103 1 

M 

9,o;i ' 

5,80 

0,64 

0,ori7 


The degree of terminalisation at metaphase is extremely low and 
it is probahle that all chiasmata formed at diplolene are recognisable 
at metaphase. 

2. TRADESCANTIA BRACTEATA. 

The somatic chromosomes of plants 2V and 21'^ are illustrated in 
Fig. 2. Owing to their length the chromosomes twist very much and 
a carefiil analysis is impossible, but it appears that all the plants 
examined had the same somatic chromosomes, both in number (n — 0) 
and morphology. There is little size difference within the haploid 
complements and the spindle altachments are all median or sub-median. 

At meiosis six bivalents are usually formed but occasionally two 
univalents occur. Since i)rophases do not fix well all observation is 
confined to metaphase. Proximal interlocking of bivalents (Gairuner 
and Darlington 1931) is common at metaphase and distal interlocking 
is probably also fairly common since certain configurations, which at 
first seem to be quadrivalents, are almost certainly due to Ihis cause. 

The chiasma-frequency and terminalisation data for the bivalents 
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from seventeen cells each of two plants (21^ and 21^) are given in 
Table 2. The mean and variance/meaii ratio is very similar in both 
plants. Terminalisation is high bui not as high as in some other species 
of Tradescantia. It will be seen that the chief differences in the normal 
chromosome behaviour of the two species chosen are 

(a) Vida has a distinctly higher chiasma-frequency at metaphase 
than Tradescantia and, more important, 

(b) Vida has very little terminalisation and Tradescantia has much 
— a difference whicli may in part account for the previous one. 


TABLE 2. Tradescantia bracteata. 



Plant 

Mean 

Variance 

Variance 

Mean 

Terminalisation 

Coefficient 

Control 

2P 

1,70 

0,51 ' 

0,30 

0,72 

i 

2r^ 

1,83 j 

! 0,55 1 

0,30 

0,64 

Eleven days 

21* 

1,91 1 

0,16 1 

0,08 

0,72 


21» 

1 i 

0,25 ' 

0,13 

0,68 


IV. THE EFFECT OF IRRADIATION ON CHROMOSOME 

MORPHOLOGY. 

L VICIA* 

The general behaviour of the meiotic chromosomes in the carlier 
fixations af ter irradiation (chiefly studied in XI A) is very similar to 
Ihat in Tulipa as described by Stone (1933). At first metaphase the 
chromosomes appear to be unchanged except for certain major strtic- 
tural abnormalities. These consist of breakages and translocations. 
In the case of simple fracture either of the broken pieces may or may 
not form part of the »bivalent» depending on whether it does or does 
not form chiasmata with the unbroken chromosome (Fig. 4). Trans- 
location leads to the formation of configurations consisting of more 
than two chromosomes. In one cell two such configurations were seen 
(Fig. 5). One (B) consisted essentially of a ring of four chromosomes and 
is presumably the result of segmental interchange or reciprocal trans- 
location. It is, however, more complex than it appears at first sight 
and probably also in vol ved inversion of a segment of one chromosome. 
The other (A), involving one m and the M chromosome, is the result of an 
intercalary piece of one chromosome being translocated to an inter« 
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stitial position in Ihe other. Thcse almorinalities obvioiisly must have 
occurred beforc cbiasma formation. 

A doser inspection reveals that one form of breakage is most 



4-- 8. From Vida faha Ihrcc cla>s afler lreatnu*iil. - - Fif;?. 4. Bivalcnts show- 
iiif» brouka^i^s. — Fig. 5. A coinplelt* nucleus showing two ronfiguratioiis oi more 
Ihan Iwo chroiiiosonios, wilh line diagrams iinderiieatii, and fragments. — Fig. 6. 
Telophase and Fig. 7 interphase showing fragmentalion. — Fig. 8. Second divisions 
showing doiihlc attachmcnt chromosomes. In {a) this chromosome has had its 
attachments passing to opposite poles at first anaphase and in (h) to thc same pole 
al first and lo opposito poles at second anaphase. — Figs. 4- 5 X 2200, Figs. 0 — 7 

X 1700, Fig. 8 X 1100. 

common viz. breakage in the loop or arm carryirig tlie attadiment 
constriction (Fig. 4). Now the point of attadiment is not very markedly 
drawn out at early metaphase and at this stage sudi breaks are less 
frequent. It is at late metaphase, when tlie spindle attadiments are 
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much drawn out towards the pole and tlie chromosomes in these 
regions thin, that these breaks are more common. This indicates that 
they are a result of the chromosomes being weakened by the action of 
the X-rays and breaking when the strain of separation is put on them. 
At early metaphase breaks are more common along the whole length 
of the chromosome and at anaphase and telophase it is usual to find 
several large fragments of chromosome lagging at the plate. These 
fragments never pass to either pole as, unlike univalents, they have 
no point of attachment. They can be seen to form micro-nuclei at 
iiiterphasc (Fig. 7) and lying separate from the rest of the chromo- 
somes at second division (Fig. 8). 

The behaviour of the chromosomes here is very similar to that in 
irradiated Tulipn but the abnormalitics are not so marked presumably 
owing to the application of a smaller dosage of X-rays. 

At second anaphase in these earlier fixations the result of the 
behaviour of chromosomes with two spindle attachments at first ana- 
phase is very clear. As Mather and Stone have shown there are two 
possible ways in which these chromosomes may disjoin, viz. the two 
spindle attachments on one daughtcr chromosome may pass to the 
same pole or to opposite poles. In the former case the double attach- 
ment chromosome may follow either course at the second division 
and where the same happens again the pollen grains will contain this 
type. Where, however, the two spindle attachments pass to opposite 
poles al second anaphase the two resulting nuclei are joined by a drawn 
oul chromosome as shown in Fig. 8 b. 

In the latter case, where the two attachments go to opposite poles 
at first metaphase, the chromosome is drawn out betweeii the two 
interphase nuclei, which can be seen to oceur (Fig. 7), and at second 
anaphase this chromosome, unless it breaks, will join daughter 
nuclei not resulting from the same interphase nucleus (Fig. 8 a). Thus 
one can see at which division the two attachments passed to opposite 
poles. Unfortunately one cannot use this method for estimating the 
relative frequencies of occurrence of the two types of behaviour since 
many of the chromosomes are a result of crossing-over in inverted 
segments and givc biassed figures. 

In the later fixations (XI 1) and X2 B) the tendency of the bi- 
valents to break at late metaphase and anaphase is not to be seen. 
The chromosomes appear to have regained their normal tensile 
strength. The only morphological effeet of the irradiation visible at 
tliis stage is the occurrence of abnormal configurations which result 
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from traiislocation and sof^mental intorcliange. Two examples are 
rather strikinj». The one shown in Fig. 10 a is due to llie inversion of 
the end segment, containing the spindle atlachment, in one cliromo- 
some. This configuratioii was seen to occur twicc in the same loculus 



Figs. a — 11. From Vida faha Iwciity four davs atlcr trealmcnt. — Fifi. 9. Complolo 
iiuclei .showiitf; high chiasma-frequeiicy, (a) side siew with bivalents inlerlocked 
and (b) polar view. Fig. 10. Abiiornial configuratioiis wilh liiie diagrams and Ihc 
prcsumcd pachytenc contigurations imderneatli. — Fig. 11. Bivalcnls wilh apparently 
localised chiasmata. — All X 2200. 

showing tlial a number of nuclei contained it having all originaled 
from Ihe nucleus in which the ahnormality was induced (cf. Mather 
and Stone). 

The olher contigurations involved four chromosonies and must 
have ariscn as a result of a terminal portion of one chromosome having 
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14 


Fig. 12. Metaphases of Tradescantia hracteala four and seven days after treatmenl, 
showing fragmentation. — X 2200. — Fig. 13. Telophase and Fig. 14 anaphase 
of the same specics seven days after trcatment showing abnormai appearance. — 

X2200. 
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been translocated to an intcrstitial position in another or vice versti 
(Fig. 10 b and c). 

It is very probabie that cbanges of homology along the chronio- 
some were also produced by treatment as some bivalents have chiasmata 
in positions which aro obviously not those of equilibrium (Fig. 11 ). 

Finally since a inonlii bad elapsod between irradiation and fixa- 
tion the nuclei at meiosis at tlie tiino of fixation must havo originatod 
by on(‘ or more soinatic divisions af tor irradiation. Tliis is sul>- 
stantiatcd by the occurronco of tho samo abnornial typo in adjacont 
cells. Now Mather and Stone have sliown thal whore simple frag- 
mentation of a chromosoino is produced the distal fragment, without 
the spindlo attachment, is lost at tho next somatic division. Honco ono 
would not oxpoct cases of simple fragmontation to occur in thoso fixa- 
tions and indeod nono woro soon. 

2 . TRADESCANTIA. 

Here tho courso of meiosis in irradiatod plants differs markodly 
from Ihat in Tulipa and Vida, 11 is impossible lo analyse prophases 
on account of poor fixation but the chromosomes at metaphaso in tho 
early fixations are very abnormal. Figs. 12 illustrate some metaphaso 
plates at 4 and 7 days after treatment and it will be seon that the 
chromosomes aro oxtromely fragmented. On tho other hand traces of 
major structural changes can be seon in many configurations. These, 
as in Vida, consist of translocations. (ionfigurations which, whilst 
boing obviously very fragniented, have more than two points of attach- 
mont must have arisen as a rosult of translocatioii in some stage prior 
to diplotene. Anaphase of the first division is not more markodly 
abnormal than metaphaso (Fig. 14). (!lclls at telophase and intorphase 
are very abnormal in having more than two nuclei and of differont 
sizt‘s (Figs. 13). These are due to lagging pieces of chromosome 
forming micro-nuclei. 

At metaphaso of the second division tho chromosomes show defi- 
nite signs of the effocts of the abnormalitios from the previous division 
(Fig. 15). In addition to the formation of more than two plates thore 
are some chromosomes showing dofinitely abnormal structures. Those 
are often in the shape of rings and usually possess two points of attach- 
ment. Occasionally one has four attachments when it may assume 
the appearance of Fig. 15 rf (IV). Nearly all these poculiar configura- 
tions agree in being bilaterally symmetrical. Thero is however one 
type which is not so. This kind [Fig. 15 rf (I)] consists of a chromo- 
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some body strung right ucross the cell having two attachmmts but 
having unequal free arms. 

Since these bocUes do not occur in Vicia they must be connected 
in some way with the intense fragmentation of the chromosoraes before 
first metaphase. Further, as the fragments at first metaphase appear 



e 


Fig. 15. Second divisions from the same fixations as the previous figures, (c) and 
(d) show the peculiar doiible fused chromosomes and (e) uiiequally abnorinal chro- 

tnosomes. — X 2200. 

to affeet both cliromatids equally in many cases, it is probable that 
in such cases the broken ends often fuse where equal. Where such 
a fragment ineludes the attachments of one or more chromosomes 
the result will be a configuration like those recorded at second meta- 
phase above. Such fusion of broken ends is parallelled by the 
occur rence of translocations and ring chromosomes in the somatic 
divisions of irradiated plants. 



MEIOTIC CHROMOSOMES AFTER X-IRRADIATION 315 

There is anollier type of ubnormal chromosome at second nieta- 
phase viz. those havin$' uncqual chromatids (Fig. 15 e). This type 
is expected at meiosis where abnormality production occurs after the 
splitting of ihe chromosonies as opposed to mitosis, where they do not 
occur, so Icading one lo presume thal abnormality production is before 
the split during the milotic cycle (Mather and Stone). 



16 

Fig. 16. Abnormal telrads and Kig. 17 pollen grains from lixations of Tradescantia 
five and seven days afler Ireatinent. — X 1100 and 800 respeelively. 


The tetrad stage is markedly irregular as it shows inany cases of 
niore than foiir very unequal nuclei replacing the normal four. 

The somatic chromosomes resulling from the irradiated meiosis 
can be well seen at the first pollen grain division. Sohie such divisions 
are shown in Fig, 18. They all have many fragments of varying sizes. 
The plate shown in Fig. 18 a is markedly irregular in this respect. 
Fig. 18/ shows an interesting case at anaphase where more than one 
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nucleus has taken part in the formation of the plate. The existence of 
micro-nudei in the pollen grains is vcry common (Fig. 17). There is 
a case of lateral translocation in Fig. 18 a. The lateral piece is again 
connected to the body of the chromosome by a constricted region (see 
Mather and Stone). There are also cascs of double attachment chro- 



Fig. 18. Pollen grain divisions, (a) — (d) lueiaphases and (c) — (/) anaphases of 
Tradescantia bracteata nine days after Ireatment. Notc in («) the fragmentation, 

(d) and (e) double attachment chromosomes and in (c) degenerating fragments. 

(e) shows a double attachment chromosome with the attachments going to opposite 
poles and one daughter chromosome broken as a result. (/) shows micro-nuclei in 

division besides the large nucleus. — X 2200. 

mosomes at both metaphase and anaphase of pollen grain division. In 
the anaphase illustrated in Fig. 18 e the two attachments of the 
daughter chromosomes have gone to opposite poles and, as a result, 
one chromosome is already broken. 

In the later fixations, particularly B2, the chromosomes no longer 
show fragmentation at first metaphase, and the resulting abnormal 
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types at seccmd and pollen ^rain divisions. There do, however, occur 
at firsl metaphase cunfiguralions which are tlie result of previou.s 
translocation. There are very few cases of simple fraginentation, 
indicating that Ihese anthers were at a stage prior to the last arche- 



g 19 

20 21 

Fig. 19. Ahnornial configuratioiih in Trade.scantin eloveii days afttT tmilnuMit. 
(«) a ring of six clironiosonies, (/;)- (c/) rings of foiir rhroinosoine.s, the one in {d\ 
interlocked with a bivalent; (e) - -(i) chains of foiir ehronio.some.s with in (f/) extra 
chiasinata giving a pecuUar appearance to the configuratioii and in (i) interlocking 
with a bivalent, (/) a cliain of three and a iinivalent, [k) an unequal bivalent. — 
X 2200. — Fig. 20. Coinplete iiuclei of the same species eleven days after treatment 
(cf. Fig. 3). The lower one also lias a fragment. — X 2200. — Fig. 21. Two pollen 
grain meiaphases thirty foiir days after treatment. — X 2200. 

sporial division when irradiatc^l. Hence most of the distal fragments 
were losl at llial division and only a few which were ineluded in one 
or other of Ihe daugliter nuclei are present at meiosis. The trans- 
locatkms and segmental interchanges which oceurred at that tinie result 
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in the formation of chains and rings of more than two chromosomes 
at meiosis. Some exaniples of these are given in Fig. 19. These chains 
and rings may be disjunciionaily (Fig. 19 c, ii) or non-disjunctionally 
(Fig. 19 6, e) orientated. Some of the rings, i. e. those of four, result 
from simple segmental interchange and some, i. e. those of six from 
double interchanges. 

Two abnormal configurations are of partieular interest. The first 
is a case of unequal bivaleiit formation (Fig. U)k), There has been 
formed a chiasma belween the spindle attachment and the inequality. 
The resnlting configuration is a proof of crossing-over at that chiasma. 
Similar configurations ha ve been described by Catcheside (1932) and 
Koller (1932). In the bivalent described here the torsion of the chro- 
mosomes has rcsulted in the partial breakage of the chiasma (see 
Darlington 1929 and Koller 1932). 

The second abnormal configuration is a modified chain of four. 
In it, however, the pairs of chromosomes on each side of the transloca- 
tion have formed chiasmata which liaving lerminalised into lateral- 
terminal chiasmata give the configuration an appearance like a pair of 
speclacles. 

Presumably. as pointed oul above, irradiation causes some change 
in homology along the length of a pair of chromosomes and some 
configurations did show marked localisation of chiasmata. On the 
olher hand the terminalisation coefficient is the same in both treated 
and untreated material whereas it might be expeeted to be lower in 
treated cells if change of homology does upset normal chiasma move- 
ment. 

No second divisions were seen in the later fixations, but in the 
pollen grain divisions there were always six chromosomes. A few such 
metaphases are illustrated in Fig. 21. One case of lateral translocation 
was seen in this stage. 

3. COMPARISON. 

The great difference in the behaviour of the Vida and Tradescantia 
chromosomes lies in the different time of fragmentation, before meta- 
phase in the latter and anaphase in the former, in the cells at meiosis 
soon after fixation. Otherwise their behaviour is the same in showing 
the results of translocation in both early and late fixations and by the 
loss of the tendency to fragment after some time. Consequently the 
difference in the stage at which fragmentation oceurs is probably 
correlated with some difference in the normal behaviour of the chro- 



MEIOTIC CHROMOSOMES AFTER X-IRRADIATION 


319 


mosomes rather than is it a result of Ihe differeiilial action of the 
X-rays. 

Now Ihe only marked differeiice in the chromosome behaviour 
of the untrealed plants is thal terminalisa tion of chiasmata in Vicia is 
low and in T radescnntia higli. 

Terminalisation is a movemenl of the chiasmata away from the 
spindle attachment and is presumably caused by a repulsion of the 
attachments during prophase (Darlington and Dark 1932). Separa- 
tion of the chromosomes at anaphase is also caused by a repulsion of 
the attachments for one another at this stage. Now in a bivalent, whose 
chiasmata haw terininalised strongly at prophase, separation at ana- 
phase will be easy as the chromosomes are only held together by 
terminal chiasmata which are an expression of the terminal affinity 
of the chromosomes. In a bivalent with low terminalisation Ihe 
chromatids are held hy their lateral affinity over large lenglhs and it 
is to be expeeted that, as a result, anaphase separation will be difficull. 
This is borne out by the faet that in organisms with low terininalisa- 
tion the attachment arms of the bivalents are drawn out, thin and 
obviously under great strain at late metaphasc. 

Hence if the chromosomes are weakened in any way in organisms 
like Tradesenntia disruption should oceur collaterally with terminalisa- 
tion, which puts strain on the chromosomes during prophase. In V/cio, 
on the other hand, with low terminalisation the disruption should oceur 
at late metaphase and anaphase when the strain of separation is iin- 
posed upon the chromosomes. This is precisely what is observed and 
so it seems that one effeet of irradiation is lo weaken the chromosomes. 
'riiese findings are borne out by those of Stone (1933) in lihvoe, which 
appears to beliave like Tradesenntia in showing signs of disruption al 
metaphase, although Stone did not interpret it that way, and on Tulipa 
which behaves like Vicia. Furtherinore (iooi)SPEEi)\s (1929) work on 
Nieotiana indicates thal this plant falls into the same calegory as 
Vicia also. 

Another effeet of X-radiation is, as pointed out abov(\ common to 
both types of plant viz. the produetion of major struetural changes 
visible in both early and late fixations. This appears to iinply that 
the chromosome consists of two parts, as has been stated by a number 
of workers from a study of normal chromosomes. In this case it mighl 
be supposed that the major struetural changes are a result of changes 
in the chromonema or gene string since Ihey are permanent, and the 
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disruptive change is a result of some effect on the mairix or pellicle 
of the chromosome as it is only temporary. 

A comparative study of the effect of treatnient on a number of 
plants of both types will be necded to develope these ideas further. 
Such Works is now in progess. 

V. THE EFFECT OF IRRADIATION ON CHIASMA 
FORMATION* 

X-radiaiion appears to have a marked effect on chiasma forma- 
tion. The cliiasma-frequency of the m and M bivalents from fifty cells 
of untreated Vida is given in Table 1. The chiasma^frequencies of 
these bivalents in material fixed three and twenty four days after treat- 
mcnt are given in the same table. TJiere are very obvious differences. 
In the three day material the mean chiasma-frequencies of both kinds 
of bivalent are neaiiy the same as in the Controls. On Ihe other hand 
the variance/mean ratio is very much grcater. In the later fixation 
the variance/mean ratio is again higher than in the three day material 
and the mean is also very much higher. 

The validity of these comparisons is, however, possibly open to 
question since the control material was from a sister plant of those 
treated and though the observations after treatment came from the 
same plant Ihey can be attributed to age effeets as no control material 
was fixed at corresponding times, but such marked differences would 
not be expeeted solely as a result of age effeets. 

The observations on Vida are to some extent borne out by those 
on Tradescaniia, The metaphase chiasma-frequencies of two plants 
before treatment and of two plants eleven days after treatment are 
given in Table 2. Here again the mean value is higher in the treated 
material but the variance is distinctly lower. This latter effect is, how- 
ever, explicable as, if the chiasma-frequency is incrcased chiasmata will 
be formed on both sides of the attachment more often. Now, since 
terminalisation is great, the two chief classes of bivalent at metaphasé 
are those with one and two terminal chiasmata. When chiasmata are 
formed on both sides of the attachment more often there/will be an 
inerease in the two chiasmata classes at the expense of the one chiasma 
dass. Thus it follows that a drop in the variance/mean ratio at meta- 
phase does not imply a similar drop at the time of chiasma formation. 

These results are to some extent parallelled by the effect of X-rays 
on crossing-over in Drosophila melanogaster (Mavor und Svenson 
1924 and Muller 1925). Here an inerease in crossing-over is found 
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near the spindle attachinent and no change, or even a decrease, in the 
more distal parts. However the coniparison of these results with tliose 
recorded in Vida and Tradescantia must not be pushed too far as (a) 
the X-rays have lethal effects which, while not affecting meiosis in 
the treated organism, are marked in the progeny hence affecting the 
determination of crossing-over, and (b) Drosophila probably has a 
specialised mechanism affecting the distribution of crossing-over along 
the chromosome since the genetical and cytological distances do not 
tally. 

It may therefore be tentatively concluded that X-radialion has an 
effect on the frequency of cliiasma formation but more carefully plarined 
and controlled observations are being made to further elucidate tliis 
question. 


VI. SUMMARY* 

The ineiotic behaviour of chromosomes in irradiated plants of 
Vida faha and Tradescantia bracteata is described and compared with 
tliat in untreated material. 

The chief effects of treatment are: 

(a) to cause, in divisions occurring soon after irradiation, much 
fragmentation of the chromosomes before metai)hase, in Tradescantia, 
and at late metaphase and anaphase in Vida. This effect subseqiienlly 
vanishes. It appears that Ihis differences between the two species is 
due to differences in tlie forces wiiich also cause terminalisation of 
Iheir chiasmata. 

(b) to cause persislent major struclural changes in the chroino- 
somes in both organisms, so implying that there are two distinct parts 
to the chromosomes, tlie persistent part determining major structural 
changes and the non-persistent part determining the fragmentary eftect 
of the irradiation upon the chromosomes. 

(c) to cause an increase in the frequency of chiasma formation in 
nuclei at meiosis some time after treatment. 
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GENETICALLY CHANGED LINKAGE 
VALUES IN PISUM 

n. SEGREGATION OF LINKAGE INTENSITY 

IN CROSSES 

BY J. RASMUSSON 
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INTRODUCTION* 

S OME years iv^o tlio present author (Hasmusson 1927) published Ihe 
resulls of linkaf^e invesligations in Pisiim niainly denionslrating 
lliat the factors Le (for internode length) and V (for pod membrane) 
in differenl crosses gave strikingly different recombinalion values. In 
1928 further work in this line was taken up wifh Ihe aim of throwing 
light iipon the inherilance of Ihe differences causing the different re- 
coinbination percentages. Plants were extracled from of the crosses 
repoiied in 1927 (the purc' line crosses ).and crossed to suilable pure lines. 
The Frplanls of the last mentioned crosses (llie segregate crosses) were 
in turn (in 1929) back-crossed to double recessives. In 1980 the re- 
Milting back-crossed seed was grown and tlie segregations scored. 

A ratlier large nuinber of back-crosses were made (belween 2000 
and 8000) bul owing to attacks by Contnrinid pisi the output of seeds 
was very low. In fact, less than one seed was harvesled per cross- 
fertilisation. This made the material less extensive Ihan was desired 
and therefore piiblication was delayed until further work could bring 
forth more dala. Since the attacks of the Contnrinid seemed to decrease, 
a new series of similar crosses was started in 1982. However, the 
l)ack-crosses in 1933 suffercd again very heavily from the Contdrinin 
attack and therefore it has been considered most convenient to publish 
the rcsults at hand now. 

The writer takes this opportunity to express his sincere thanks lo 
Professor H. Nilsson-Ehle for many valuable suggestions and for 
placing the facilities of the (ienetical Department of Ihe Lund Uni- 
versily at his disposal, to Kungl. Fysiografiska Sällskapet i Lund for 
generous cconomical support, and also to Dr. K. Mather of the John 
Innes Institution for discussing the theoretical aspects and for correcling 
the manuscript. 
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MATERIAL. 

All plants used in the crosses to be discussed belong either to the 
pure lines mentioned in the 1927 paper or are derivatives of crosses 
between them. Since these investigations form a direct continuation 
of the previous work it will be necessary to give a very short sumniary 
of the same. 

The factors concerned are: 

Le — le\ tall — dwarf 

V — v: membrane along back ot pod — no membrane 
P — p: ihin membrane — no membrane 
PV — Pv, p\\ pv: parchmented — sugar pod. 

The pure lines, i. c. the original parents of all the crosses, and their 
genic formulae as regards the Le and V factors, are: 

\VW: le V (dwarf; parchmented pod) 

Buxb: /e V ( » ; » » ) 

Gd: lev ( » ; non -parchmented pod) 

EslI : Lev (tall; » » ) 

Gj: Le n ( » ; » » » ) 

St: Le V ( » ; parchmented pod) 

Bism: Le V ( » ; non-parchmented pod) 


The varielies mentioned were crossed in most of the possible com- 
binations. The results of those crosses demonstraled that the Le and 
the V factors (and naturally also the le and the v factors) really were 
the same in all cases. Further, different combinations of parental lines 
showed considerable differences in the recombination percentage. The 
main results may be demonstrated by means of table 1 and the following 
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Fig. 1. Diagram of recombination values in pure line crosses. 

diagram in which the crosses are syinbolized by lines connecting the 
parental types. The figures beside the connecting lines give the recom* 
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bination values observed and Iheir standard errors. These values have 
been tecalculated after the formulae given by Immer (1930) and with 
the aid of his tables. 

In sonie of the crosses Ihe V factor was segregating siinnllaneously 
with the P factor, which causes some trouble and uncertainty in the 
scoring of the V — v types. In those cases the formulae for calculating 
the recombinalion value from the combination of the 9 : 7 segregation 
of P and V and the 3 : 1 segregation of Le might have been used. The 
values presented above are, however, all calculated from the mono- 
factorial segregations. In spite of Iheir shortcomings due to some lillle 
uncertainty of scoring Ihcy still give the best approximalion to the real 
value because the random sampling errors are heavily increased hy 
using tlie 9 : 7—3 : 1 combination. In Ihe present cases the use of the 
last menlioned combination is rendered quite valueless as a resiilt of 
a linkage existing between P and V. 


TABLE 1. liecombwation values for Le — V in piirc line crosses. 


' I standard i 

Parents , error of i 

value , , 

, ' rec. value 


Oj X WW 0,0 j i- 0,81 

Gj X Biixb 10 I zlr2,8f. 

BisniXGd [ 11 +1,85 

StXGd 17 ! +1,36 

Esll X Biixb '21 I 6,31 

EsIlXWW 43 I ±3,61 , 


When the paper of 1927 was writlen one imporlant parent com- 
bination was missing, namely the one between (ij and Buxh. That 
cross was investigaled at the same time as those to be diseussed in t his 
paper. Because it belongs to the purc line crosses it is, however, pre- 
sented in fig. 1 and tablc 1 together with the other purc line crosses. 
The segregation in the crc»ss Gj X Buxb was, contrary to the other pure 
line crosses, delermined by back-crosses, giving the following absolute 
ligures: 

Le V Le v le V le v 
7 46 53 4 . 

In table 2 the significant heterogeneity of the series of linkage 
values is demonstrated. The method used is given by Fisher (1932) 
but since this method is not yet too generally known among biologists 
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TABLE 2. Distribution of rec, values. 


Paren t s 

Rec. 

value 

1) 

Rec. mean 

rec. 

m 

Standard 
error by 
rec. 10,7 

D/m 

Chance of a D/m 
of observed size 
to be found for a 
sample of a homo- 
geneous population 

GjXWW ... 

6,6 

4^ 

0,81 

5,3 

6,000001 

Gj X Buxb ... 

10 

0,7 

2,92 

0.2 

0,84 

Bism X Gd... 

11 

0,3 

1,54 

0,2 

0,84 

StXGd 

17 

6,3 

3,10 

2,0 

0,05 

EslI X Buxb 

21 

10,3 

6,54 

1,4 

0,11 

EsIlXWW 

Mean 

(Caleulation 
see text.) 
rX* = 10,fi8 

43 

10,7 

32,3 

4,44 

7,2 

1 

6,000000001 


it may be well lo give a short account of the procedure. Provided that 
the several recombination values experinieiitally found differ only bc- 
causc of sanipliiig errors we take their mean as the best approximation 
to the real valiie conimon for all the crosses. It is a matter for dis- 
eussion whether the direct mean should be used or one caleulated by 
weighting the experimental values by means of the squares of their 
standard errors. The mean in this case must then be the value to be 
expeeted if all the plants used had oceurred in one segregating popu- 
lation, Tlierefore some kind of weighting must be used. Weighting by 
means of the nuniber of plants in the different crosses is impossible 
because some values are determined in coupling phase, others in repul- 
sion phase and others again in back-crosses. Tlierefore the values ha ve 
been weiglited on the basis of the squares of their standard errors. This 
method gives the mean = 10,7 % . By the aid of 1mmer\s tables the 
standard errors of the different crosses for this mean value has been 
determined, giving due consideration to their number of plants as well 
as to the way the segregation was determined. By dividing the devia- 
tion from Ihe mean of tlie observed recombination value by the last 
mentioned standard error the D/m values are caleulated. Of the 
six D/m values, two surpass the value of 3, o and for these the 
probability of their being random samples of a homogeneous po- 
pulation with mean = 10,7 is exceedingly small — as seen from 
the last column of table 2. By random distribution 4 (=67 %) 
of the D/m values are to be expeeted to fall between 0 and 1 — only 
two of them fall within these limits; 1,7 (=28 % of all) values are ex- 
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pected between 1 and 2 — two come between these limits; 0,3 (=5 % 
of all) vallies are to be expeci<‘d to be hij^her tlian 2 — two of them 
siirpass this value. From this tbe 2'X^ and llie probability for the 
distribution representin^' random sampling from a liomogeneous popu- 
lation can be computed. The value is 10,(is and this gives a 

probability somewhat less than thiis demonstrating that there is 
very small chance of homogeneity and furlher that Ihe differences h(‘t- 
ween the recombinatioii values of different crosses are diie to othi*r 
causes than random sampling variation. 

Tlie double recessives le v used in the back-crosses were Fn-lamilies 
of dwarfed sugar plants extracted from the cross (Ij X WW. That 
cross was Le P v X le P V and the dwarfed sugar plants were thus 
le P V. This makes all the segregation resiills of tiie back-crosses show 
th<* distribution of Le and V in easily scored types, undisturhed by the 
P--p segregation taking place in some of the F, -plants. 

Two or tliree of Ihe dwarfed sugar families used as parents in llie 
back-crosses gave mutations from v to V making their pods, or some of 
them. [)archmented instead of membraneless. Such mutations liave 
heen descrihed by Wellensiek (1929) and Frnst Nilsson (1932) in 
otlier material. Some few back-crosses were made in those mutating 
families, hut these liave heen exeluded from the material presenh^d here 
hecause of the danger that mutated gametes might give lise to dwarled 
parchmented plants. 

METHODS* 

The methods of cultivation were the same for this material as for 
that puhlished in 1927. 

The procedure of the work has heen the same throughout: /. e. 
F.r plants of the pure line crosses have been crossed with suitable pure 
iines of the old material. The F:-plaiils were chosen so as to rejiresent 
different F^-plants. In each F.rfamily 1 — 3 plants were used as parents. 
'riiereby the Fo-plants, from which the Frplants were derived, wtae 
more fully represented than would have been possible from oiie single 
plant in each Fy-family. 

The Crossing methods used were also fundamentally the same as 
carlier. By carrying out the back-crosses, however, the need for pro- 
ducing as many back-crossed sceds as possible necessitated some special 
arrangement. In the great majority of the back-crosses the Fi-plant 
was used as father and the double recessive as mother. Still, care was 
taken to make as many reciprocal crosses as possible. Each Fi-flower 
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was on the average used for poUinating five recessiva flowers, which 
allowed of a considerably greater number of crosses being made from 
each Fj>plant than would otherwise have been possible.’ It might be 
suspected that this saving of pollen has been disadvantageous for the 
seed production in the crosses. Still, in the same season several other 
crosses were made. where each pollen ilower was used only once. The 
results of those crosses were not markedly better than those from the 
firsl mentioned. Therefore the procedure of using the same pollen 
flower several times seems on the whole to have been advantageous. 

The method for calculating the recombination values from the 
actual figures in the back-crosses was the simple one of dividing the 
sum of the recombination types by the sum of individuals. The 
standard crrors of thesc values have been coniputed from Immer's 
tables by dividing by 0,ii74.'> xKn. 

Tlie monofactorial segregations do not deviate grcatly from the 
normal ratios and the way in which tlie recombination values are cal- 
culated tends to balance crrors emanating from disturbed monofactorial 
ratios. Therefore the monofactorial ratios are not discussed in this 
paper. 

The methods for judging the homogeneity of the series of segrega- 
tion figures have been those given by Fishter (1. c.), L e, the X“-test. 

THE RESULTS* 

SERIES U F.-PLANTS FROM Gj x EsII CRQSSED VITH W. 

Cij is Le P V and EsIl is Le p v, Thus both are tall sugar peas but 
they dilfer in the P factor. The Firfamilies used for the crosses were 
all pp iw. Since P and V most probably belong to the same linkage 
group and are situated in the same chromosome this would mean tluil 
they all represented the old Esll-chromosome if no Crossing over had 
taken place in F, and Fa. The P and V genes must, howcver, be situated 
at a fairly great distance from each other and thus any amount of 
Crossing over might have taken place in the distance between them even 
if they do occur together in the material used. 

Table 3 gives the results of the back-crosses. Each linc in that 
table contains the figures given by one plant of the tested Fi (coluitin 4). 
In column 3 is to be seen the F]-plots to which the plants belonged, 
r. c. column 3 shows which plants came from the same cross fertili- 
sation of Fa (Gj X EsII) with \VW, Column 2 gives the Fa-plants from 
Gj X EsII and col. 1 the Fa-plots of the same cross, i. c. demonstrates 
which plants descend from the same Fs-plants of Gj X EsII. Thus all 
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rows having Ihe same number in col. 1 descend from one F^-plant of 
Gj X EsII; all rows having the same number in col. 2 come from the 
same Fg-plant; the rows having the same number in col. 3 come from 


TABLF2 3. Hesults of back-crosses of Fi WWXLct;. Le v^pUmts 

from CmJ X Edl. 


F, 1928 : 

Plot 1 Plant 1 Plot 

luimb.l numb. numb 

1 1 

1029 

Plant 

numb. 

Number individuals of 

1 

Le V 1 fx V le V 1 le v 

i ' 

1 

1 Itec. 

1 value 

"" 1 

m i 

Standard 

error 

1 * 
1 

1 339 

1 

70 

1 52 

^ 3 

1 1 

15 

16 

2 

8,9 

1 ± 4,91 

0,19 

» 

» 

1 

» 

' 1 

5 

19 

16 

3 

18,r, 

1 dr 5,92 

2,38 

)> 

1 

)) 

1 53 

5 

6 

36 

48 

4 

ll,r. 

! + 3,2,. 

1 0,29 

» 

40 

54 

9 

1 2 

31 

39 

1 

4,1 

1 2,29 

1 3,70 

» 

» 

» 

10 

' 0 

9 

9 

2 

10,0 

d“ 6,71 

0,0,4 

» 

» 

)) 

11 

0 

7 

7 

2 

12/, 

h 8,27 

0,02 

)) 

)) 

)) 

12 

1 1 

14 

6 

0 

4,8 

J 4,7o 

0,87 

» 

» 

55 

14 

1 2 1 

' 10 

15 ! 

4 

12,9 

i 6,04 

2,07 

» 

1 )) 

)) 

15 

1 

23 

24 , 

3 

7/ 

år 3,80 

0,57 

» 1 

» 

» 

1 

2 

16 

11 

0 

6,9 

å 1,74 

0,»4 

» 

» 

» 

17 

0 

6 

8 

1 

6,7 

å 6,J7 

0,24 

340 1 

55 

57 

23 

6 

19 

36 

3 

14,1 

å- 4,j4 

0,»» 

» 1 

» 

1 

24 

7 

13 

29 l 

() 

23,r, 

1 ^ 5,72 

8,r. . 

341 

41 

58 

1 28 

2 

19 

29 

5 

12,7 

dr 4,41» 

0,14 

» 

» 

» 

29 

2 

16 

13 

3 

11,7 

j db- 6,1 »4 

0,4. 


17 

, 59 

i -^1 

1 

19 

13 1 

2 

8,1 

1 1 4,4G 

0,3 . 

» 

63 

60 

35 

1 2 

17 

21 

5 

15,c 

J 5,40 

0,88 

» 

» 

i )) 

1 36 


18 

10 

0 

0,n 


3, .2 

» 

» 

! » 

37 

1 

16 

17 1 

1 

1 5,7 

J 3,8 > 

1 ,06 

» , 

» 

61 

' 38 

1 ‘ 

25 1 

35 

7 

11,8 

± 3,94 

0,02 

)) 1 

» 

)) 

39 

! 1 

15 1 

24 

4 

' 11,4 

1 i 4,81 

0 ,oo 

» 1 

» 

» 1 

1 40 

' 2 

1 17 

9 1 

2 

1 13,8 

' i 6,24 

0,14 

Total 



45 

380 1 

437 

58 

11,.>0 

26,(8 
P =1),» 


one cross fertilisation between an F -plant of (ij X EslI and W\V 
and each single row descends from one single gamelc of an Frplant 
of Gj X EsII. 

The last column in table 3 gives the conlribution of each row lo 
2X“ and the total 

There is a rather great variation in recombination values, ranging 
from 0 to 23,6 % and reaching about equally far to bolh sides of the 
mean value 11, 20 . The standard errors show that iii most cases the 
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differences between any two recombination values do not reach signi* 
ficancc. The X*-lest on homogeneity of the series also shows that there 
are signs of helerogeneity but that a distribution like the one found 
might occur in 20 cascs out of 100 at random. 


TABLE 4. Segregation figures of series 1 added iip for descendants 
from the t\-par€nt plants. 



1928 

Number of plants after back-crossing 

, 


— 

- 

- 

- ~ 

- - 


Recomb. 

X* 

Plot 

number 

Plant 

number 

Le V 

Le i) 


le V 

value 

339 

70 

12 

70 

80 

9 

12.4 


» 

40 

8 

116 

119 

13- 

8,2 

2,33 


55 

13 

32 

65 

9 

18,Ä 

6,42 

341 

41 

4 

35 1 

42 

8 

13,5 

0,44» 

» 

47 

1 

19 

15 

2 

8,1 

0,34 

» 

63 

7 

108 

116 

19 

10,4 

0,10 

Total .. 

1 

i 

- 

— j 

1 


9,91 


P==0,08 

TABLE 5. Segregation figures of series 1 added iip for descendants 
from siiigle grandparental F 2 - plants of (rj X EsIL 


F, Plot number 
1928 

Number of plants after back>crossing 

Hecomb. 

value 

X* 

U V 

f.e V 

le V 

le V 

339 

20 

186 

199 

22 

9,85 


340 1 

13 

32 

65 

9 

18,48 

mm 

341 j 

12 

162 

173 

29 

10,91 

Mm 

Total 1 

— 

— 


— 1 

1 - 

7.24 


P =r 


The moan value of ll, 2 o differs significanlly from the reconibina- 
lion values of the crosses (ij X WW (= 0 , 6 + 0 , 81 ) and EslI X WW 
(43 + 3,61) between the original parent varieties. This shows that a 
change in the Crossing over frequency has bcen effected by Crossing 
(ij and EsIL 

As is denionstraled above the single gametes of the F« Gj X EsII 
havc not caused significanl differences in the ainount of recombination 
when hybridized on WW although such differences are hinted at. The 
lack of significance might, however, be due to the back-crosses from 
the single plants comprising relatively few individuals. These facts 
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make it desirable lo carry the analysis farther and to coinpare llie 
results from differenl F:j-plaiits and Iroin different Fa-plants. This is 
done in tables 4 and 5 whicli are arranged in a inanner analogous to 
that of table 3. Those tables sbow that the chances of llie differences 
being caused solely by sampling errors decrease considerably as the 
analysis is pushed farther back in the ancestry. If there are real genic 
differences siich a resiill shoiild be cxpected parlly bccause of the 
increase in nuinber of individuals in the groups and partly because 
segregation in the Crossing over frequency must be cxpected to be inore 
prominent belween the F^-plants tlian between the Frplaiits desceiiding 
from one Fo-planl and inore prominent belween Ihe Frplanls than 
between their gametes. 

Table 5 shows that, in facl, the differences between the progenies 
of tlie Fy-plants reach a fairly high level of significance, P = 0,n3. \Ve 
niay thus be jiistified in conchiding that a segregation of linkage 
delerininers has laken place in the Fi-plants of (ij X EslI. This makes 
it probable that segregation has continiied also in the F^.- and F.-plants 
although this has not heen experimenlally proved. 

A further stiidy of tlu» X‘-values of tables 3- 5 reveals that the 
contrihutions lo from different F;rgameles, F.rplanls and F^-plants 
is of rather diflerent size. In table 3 five vahies decidedly surpass 1 
and those five values alone stand for 20,22, /. r. 70 % ot the2'X' of all 
the 22 values. This gives the impression that most ot* the recombina- 
tion values agree fairly well with their mean and Ihat the heterogeneity 
mainly should be caused hy the five markedly devialing values. It 
should also be ohserved that Ihree of the five devialing values are higher 
than the average and that two of Ihem go in the opposite direction. 
The same fealure is again visible in table 4. In Ihis table (comparing 
the F--plants) nearly the whole discrepancy is due to the plants Nos. 40 
and 55. Finally, among the F 2 -plants (table 5) No. 340 alone causes 
nearly the whole discrepancy by being the one of Ihe Ihree tested plants 
which markedly deviates from the common mean. 

SERIES 2, le v.F«-PLANTS FROM WW x Gd CROSSED TO St* 

WW is le P V Cryi cry 2 , and (id is le p o cry^ Cry^, In the cross 
between Ihein this gives a foiir-factorial s(*gregation, the cry^ cri/i 
cry 2 cri/o-plants being cryptodwarfs and the parchmenl character 
varying: PV — Pv — pV — pv. For the crosscs here to be described thrce 
cryptodwarf pi;-families were used as parenis. All of them descending 
from different Fo-plants. 
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The constitution of St as regards the Cry-factors is not definitely 
known but from investigations in progress it is most probable that it 
is Cryt C^ys- Therefore the tested crosses probably segregate in both 
these factors. The linkage relations between the Cry-factors and the 
others concerned in the segregation do not, however, disturb the in- 
vestigation of the linkage Le — V because that was determined in back- 
crosses on le P v Crj/i-types belonging to the same set of progenies as 
those used in seies 1. 


TABLE 6. Results of back-crosses of Fi le v X St, le v-plnnts = 
^F,rplants from WW X Od. 


t 

Plot 

nuniber 

929 

Plant 

number 

Nun 

Le V 

iber in 

f.c /> 

dividuals of 

-T 

le V 1 le V 

1 

Recomb. 

value 

m 

Standard 

errnr 

vs 

74 

88 

n 

2 

4 

8 

21,5 

dt 7,72 

24, >2 


90 

14 

0 

0 

17 

0,0 

— 

1,20 


91 

9 

1 

0 

7 

5,9 

dt 5,78 

0,23 

74 

total 

37 

3 

4 

32 

9.9 

d- 3,33 

6, *»8 

75 

97 

14 

1 0 

0 

7 

0,0 

1 - 1 

! 0,81 


98 

1 18 

1 

3 

19 

9.8 

J- 4,<^(> 

4,20 


99 

24 

1 0 

1 

25 

2,0 _ 

->1,90 

0,41 

75 

total 

56 

1 1_ 

4 

51 

1 4,5 

1 > 1,94 

0,18 

76 

m 

1 30 

1 ^ 

0 

25 

0 1 

— 

2,14 

1 

1 1 

102 

1 15 

0 

0 

20 ! 

« ! 

- 

1 ,35 

1 

106 

. 18 

0 

0 i 

19_ 

0 J 


1,43 

76 1 

total 

73 ' 

' 0 1 

1 0 

1 64 

0 1 

— 

5,41 

Tolal . 


' 166 1 

4 1 

1 8 , 

147 

‘ 3.T9 ' 

1 > 1 .094 

36.9» 


Hie detailed results of series 2 are given in table 0. The total re- 
coiiibination value of the whole sSeries is 3,72rt This is considerably 
lower Ihaii the reconibination value in the cross Gd X St which was 
found to be 17d-l,36. It is also lower than the lowest value found in 
the pure line crosses, i. e. 6 , o *1:0,81 % in (ij X WW. As is easily seen 
from the standard errors the new value differs significantly from both 
the other values. Thus the Crossing of WW and Gd has brought about 
a linkage between Le and V which is considerably stronger than the 
one produced by (id crossed with St and also stronger than the 
strongest value found among the pure line crosses tested. It should 
also be observed that the dwarfed sugar plants used for the cross 
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Fa (WW X Cid) X St were le p v, thus containiiif; the same factors as 
Ihe Gd and not showing any traces of Crossing over having taken place. 
This, naturally, does not imply that no Crossing over has taken place 
— the F.H-plants niay be the results of double cross o vers. 

The different plants within the series have given rather different 
recombination values. This suggests a heterogeneily in the group and 
the X*-test clearly shows that the chances for the group being homo- 

TABLE 7. Seiies 2. X'^-tesl of plants williin h\-plot 7 192^2. 


f, 1929 
Plant 

numhcr 

Lc V 

Sumber inclivicluals of 

1 ‘ 1 ■ ■ 

Lc P 1 le t' le p 

Hecomb. j 
vallie 

m 

Standard 

er ror 

X' 

88 

11 

2 

4 

8 

21, r. 

_t 7,72 

4,98 


14 

0 

0 

17 

0,0 


3,14 

91 

9 

1 

I 0 

7 

5,0 

ib 5»7 h 

0,22 

Totid 

37 

3 

4 

32 

9,2 1 

± 

8,34 

TAHLK 8. Series 2. 

X'-tesl of plants 

anthin Fi 

P - 0,111 0,02 

-l)lot 7511922. 

I\ 11)29 
Plant 

nunibcr 

> 

/.c V 

^^umber in 

Lc P 

dividuals 

le V 

le V 

1 

Hecomb. 

vallie ' 

m 

Standard 

error 

X- 

« 1 

14 

0 

0 

1 

0,0 


0,96 ' 

98 

18 

1 

3 

19 

9,8 

± 4,r,f. 

2,28 

99 

24 

() 

1 

25 

2,0 ' 

-f l,9s 

0,72 

Total 1 

56 

1 

4 

51 

4,-. ' 

dr 1,04 

3,96 

geneous are exceedingly small, the 2 X‘ being 30, 2 ^), 

whereas 

P = 0,1.-. 

tlic 0,m- 


point is passed by 20, o‘). From this it is obvious that a segregation in 
the cross over determiners has taken place in tht» \V\V X Gd-cross. 

The totals for the pJots, /. c. the totals of the progenies from 
different Fo-plants, also show’ a significant segregation (2X^=1 Lo: 
and the 0,()i-point passed by 9,2i). 

Tables 7 and 8 show^ the results of the X“-test for homogencity 
applied to the single plants within the F.rplots 74 and 75. The hetero- 
geneity within plot 74 is very near to significance w’hereas there is only 
an indication of heterogcneity in plot 75. 
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In this series, as in the foregoing, a few plants contribute a very 
large part of the-2X“. Still in series 2 the contributions are a little more 
evenly distributed since only three of the nine values keep below l,o. 

SERIES 3. Fs-PLANTS FROM Gd x St CROSSED TO St. 

The cross Gd X St was le pvY^ LeP V (the cryptodwarf factors 
not showing any segregation). Normal lepv F«-plants were used for 
crosses with St and the resulting Fi-plants were tested in back-crosses 
as usual. The results of Ihe back-crosses are given in table 9. 


TABLE 9. liesuUs of back-crosses of Fi le i> X St. le v-plants — 
= f,rplants from Gd X St. 


J\ 1929 

Number 

individuals 

of 

Hecomb. 

value 

m 

Standard 

eiTor 

1 

Plot 

iiumber 

Plant 

number 

U V 


V le v\ 

1 

le n 

X* ! 

83 

BBH 


4 

1 

* 1 

29 

13,8 

j 

j l/>4 


Hl 


0 

1 1 ' 

27 

2,0 1 

± i,»« 

1 2,99 

' 83 1 

Total 

43 

i 4 

' 5 1 

56" 

8.8 1 

■Hi 


87 1 

130 

8 

1 1 

2 1 

14 ■ 

12,0 1 



! Total .. 


51 

1 5 

7 ' 

70 

1 9,03 

i 2,48 

4,86 


P = 0,09 


The average recombination value of 9 ,o3+2,4k deviatcs significantly 
from the value of of the original cross (jd X St (diff. == 

= 8d 2 ,« 2 , D/m — 2 , 82 ) showing as in the two previously discussed 
series thal the Crossing over frequeiicy has been changed by the Crossing 
in spite of the fact t ha t the two tested genes are used in tlie same coin- 
binations as in the original cross. 

The X^-tesl gives an indication of heterogeneity but not certainty 
and the deviation of plant No. 120 is mainly responsible for the size 
of2X^. On the other hand it may be pointed to the fact that tlie^^X^ 
is kept down by the small nuinber of individuals from plant 130. 

The difference in recombination values between the descendants 
of plants Nos. 119 and 120 is 11,8 ±4,95 % giving I),m = 2,4i and P 
for the reality of the difference = 0,98 — 0,99. This makes it very prob- 
able that the two Fj -plants ha ve given different Crossing over fre- 
quencies although Ihey come from the same Fr^plant. There is thus a 
rather great probability that a segregation in Crossing over determiners 
has been going on in the gametogenesis of the Fy-plant from Gd X St 
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SERIES 4* F«-PLANTS FROM Gj x W CROSSED VITH WV* 

X WW was Le V \ le V and Le v F .-plants wore used for 
Crossing witli WW, thus giving tlie same factorial combiiiation as in 
the original Fi Gj X WW. Tlie results of the back-crosses are given 
in table 10. 

The recombination vaiue of the total series 4, deviates 

by 4,0 ±1,71 % from the valiie (6,«±0,8i) of the original cross Gj X WW. 
With D/m = 2, ao this differeiice is rather significant. This is another 


TABLE 10. Results of back-crosses of F, Leo X WW. Le v-plants ont 

of F, GjX W\\\ 


/', 1929 

Number individuals of 


ni 


Plot 

Plant 



— 

- 

Hecomb. 

X-' 

Standard 

Le r 

Lc (t 

/<• V 


valuc 

nuniber 

number 

te n 


eiTor 



151 

1 

;i4 

28 

2 

4/) 

j- 2,67 

1,03 


152 

0 

35 

35 

2 

2.8 

J 2,01 

0,0.') 


153 

t) 

21 

29 

1 

2,11 

i- 1,97 

0,07 


' Total 

' 0 

56 

1 64 

1 3 

2,4 

d- 1.27 

— 


1 158 

1 0 

1 24 

17 

0 

1 0,0 

1 - 

' 1,24 

Total . 


1 

1 114 

i 109 

1 %5 

1 2, c. 

i 1,04 

1 2,39 


P = 0,.>o(» 


demonstration of tlie changing of the slrengtli of the linkage between 
the two faetors afler Ihem having passed logetlier through a cross. 

The recombination \alues derived from different Fj-plants and 
from their parent Fs-planls varv only sliglitly and the X*-test gives no 
indication whaLsoever of heterogeneity in tlie series. 

SUMMARY AND DISCUSSION OF RESULTS. 

Table 11 gives the frequencies with which different recombination 
values have appeared in Ihe investigated material. The recombination 
values of the parenis (observed in the pure line crosses) are also marked 
in the table for comparison, the one withoul brackets marking the 
parent variely, the factorial combiiiation of which wäs used in this 
investigalion. 

Table 11 emphasizes the faet repeatedly demonstrated in the fore- 
going that afler each cross a segregation in linkage delerniining faetors 
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has taken place, It should also be remembered that not only the I^a- 
and Fi-plants have been demonstrated to be genically differeqt as 


TABLE 11. The distribution of recombination percentages in the 
progenies of different crosses. 


Re- 

comb. 

value. 

Class 

limits 

GjXWW 

and 

EallXWW 

F, (Gj X 

X E«n)x 
X ww 

Number of 
individuaU 
in each 
rec.'Class 

GdXSt 

F,(WWX 

XGd)X 

Xst 

Number of 
in eacli 

/■'.(GdX 
xst) xst 

individuaU 

rec.-class 

X 

S" 

F,(GjX 
XWW)X 
X WW 
Number of 
individuals 
in each 
rec.-class 

Total 
of seg- 
regate 
j cros- 
ses 






!| 



0 





'| 



1 


1 


5 

.1 

1 

7 

2 





i| 



3 




1 

1 :| 

2 

4 

4 





: 



5 


2 





1 

3 

6 


1 


1 




2 

7 

(X) 

2 



' 

X 


2 

8 


1 






1 

9 


2 






2 

10 




1 




1 

11 


1 






1 

12 


3 : 



1 



3 

13 


3 '1 



1 



4 

14 


1 ' 



1 ! 



2 

15 


2 i' 



1 



2 

16 


1 

1 



1 



1 

17 


1 

Ii 

X 


; 



1 

1 

18 


I 



i 



1 

i 

19 


!l 

j 


! 

j 



1 

20 


j’ 



1 




21 




t 

! 

1 




22 




1 1 

1 

' 


i 

1 

23 




1 





24 


1 



!' 

1' 


1 


EsIlXWW 




1' 




(43 X) 

1 



ii 

1 



Aver- 


1 



1 

1 




age 





1 




value 





! 




X 

6^ 

11,!» 1 

17 

3,72 

9,03 1 

6,6 

2,6 

8,2» 


43 

1 i 



1 





regards tlieir influence on the Crossing over, bnt even the gametes of 
the Fs-plants have in some cases been shown to be different in that 
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respect. Thus it is very probable that the unquestionable segregation 
in the original Fi-plants continues in Fz and F 3 . 

A common featurc of the four investigated series is that they all 
give average recombination values differing from thosc produced by 
their parent varieties in crosses with the same tester variety. The com- 
parison of the recombination values of the pure line crosses with those 
from the segregate crosses is perhaps not fully valid. There may be 
some slight doubt on this point because the pure line crosses were all 
determined as Fyis, that is pollen as well as eggs were used for the 
linkage test, whereas all the later crosses were investigated by means 
of back -crosses where the pollen of the heterozygote was tested mainly. 
There has, however, becMi found very few signs of linkage differences 
between the gametes of different sex in Pimm. Therefore the com- 
parison between tlie two sets of crosses must be valid. 

In the segregate crosses plants have been used which carried the 
same gene set as regards the genes L(\ P and V as one of the original 
parent lines. When the recombination values produced by the parent 
lines and by their segregales in crosses with the same partner are com- 
pared the segregates in all four series have caused considerably lower 
recombination percentages than the lines themselves or their average. 
'Fhis striking faet cannot be without its significance for the interpreta- 
tion of the causes of the changing linkage values. 

In spite of the considerable amount of labour expended on these 
investigations they have not brought us much farther to the finding 
of the causes of the differences in recombination between Lc and 
V, The genic nature of the variation in linkage is proved beyond 
any doubt. In genetical terms it is obvious that one single faetor cannot 
be responsible for the variation. It does not seem very probable that 
two genes each wilh a strong effeet on the linkage cause the wide 
segregation observed. The conception of several co-operating faetors 
as causing the genic differences in linkage seems to give the best 
genetical interpretation of the faets revealed by the investigations. 

The assumpiion of several quantitatively operating genes for the 
linkage intensily agrees on the whole well with our expericnce from 
other material. Thus in Drosophila melanogaster several faetors are 
known to affeet the cross o ver values and in some cases the impression 
of several cross over determiners segregating at once (sélection experi- 
ments by Detlefsen and Roberts 1921) is very strong. In maize, 
Gammciru^ chevreuxi and the silkworm cases of wide and seemingly 
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quantitative segregation tor linkage intensity are known (for literature 
see Eloff 1932). 

There is, however, one feature in the distribution of the recombina- 
tion values in the segregate crosses which does not agree very well 
with our general experience of quantitative segregation, L e. that they 
mainly represent a deerease in Crossing over as compared with their 
parent variety. Usually in quantitative inheritance the segregates in a 
cross will be distributed more or less symmetrically about a inean 
value placed somcwhere between the parental values, This is evidently 
not the case here and the phenomenon needs expla nation by further 
experimental work. 

Beside inlerpreling Iho caiises of Ihe variation in linkage intensity 
as the effeets of certain genes on the cross over frequency between the 
two genes tested we might find an explanation of the known faets in 
the arrangements of the genes in the chromosome concerned. If minor 
struetural differences between the chromosomes brought logether in the 
original hybrid caused the deerease in Crossing over percentage in some 
of the purc line hybrids, the chromosomes must bc expeeted to come 
out of such a hybrid with a still greater variation in strueture Ihan was 
found in the pure line hybrids. This interpretation is at the moment 
as probable as the gene effeet interpretation and suffers also from the 
diffieulty of explaining why the Crossing over in the segregate crosses 
is further depressed as compared to the pure line crosses. Schemes 
might be formulaled to explain the matter but they would be mere 
specuUitions and would scarcely even yield working hypoiheses. 


SOME SUGGESTIONS FOR THE FURTHER INVESTIGATION 
OF THE VARIATION IN LINKAGE INTENSITY 
IN PISUM* 

Since the testing of the segregates derived from the pure line crosses 
has only revealed that segregation in linkage determiners is taking place 
in the Fi-plants as well as in their descendants it will be necessary to 
continue the work along other lines. 

One point of great interest is whether the faclors which determine 
the recombination value of Le and V also affeet the linkage between 
genes belonging to other linkage groups. If they cause a general 
deerease in Crossing over the chance for them being normal genes 
inereases, if their effeets are confined lo this one linkage group it is 
diminished. 
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Another way of going dceper into the malter will be to widen the 
field of research and include other faclors belonging to the same linkage 
group. Such factors are known, viz. P and The P-factor is quito 
workable but will about double the amount of labour necessary in the 
back-crosses. l’he B^^^-factor on the other hand can scarcely be used 
with enough accuracy in the scoring because its phenotypical effeet is 
influenced by modifiers aniong which P and V are to be found. Thus 
the discovery of factors linked to Le or V is urgenl. 

On the chiasmatype theory of Crossing over. differencos in chiasma 
frequency would be expecled to be correlated with differences in Cros- 
sing over frequency. Although it does not seem possible to study the 
diplotene stage in Pisiim a rather good estimate of the chiasma fre- 
quency can be arrived a t by studying the melaphase plates (Sansome 
1931, 1932). Studies of Ihis kind mighl reveal something about the 
nature of the factors delermining the variation in Crossing over fre- 
quency and at Ihe same time serve as a genelical check on the chiasma- 
type theory. 

The present writer has in facl invesligations of Ihe kinds just men- 
tioned under way at the moment, but it may b(* feared Ihat the work 
will prove too much for one investigator, especially since Ihis one is 
forced to oceupy himself mainly with quite other matters. The problems 
of the varying linkage intensities must, however, be solved before we 
can get down in earnest lo a workable scheme for the research on 
linkage groups in Pisiiin, Therefore it is to be hoped that other in- 
vestigators will join in the work and the present writer will be only too 
glad to offer inat(‘rial for the work to others. 

SUMMARY. 

1. This report presents a research on the variation and heredity of 
linkage intensity in Pisiim, being the continuation of the j[)rescnt writer\s 
previous investigation in this line. 

2. In order lo reveal how the linkage determiners segregate, 
segregates from the original pure line crosses were tested by Crossing 
them to suitable pure lines, The segregates were always chosen so as 
to contain the genes concerned (P, V and Le) in the same combinatioii 
as they appeared in the original parent variety in the pure line cross 
from which they were derived. 

3. The tested plaiils gave a wide range of variation in linkage inten- 
sity and in most cases it is proved that a segregation of cross over 
determiners has taken place in the Pt and F^-planis of the pure line 
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crosses and in some cases even a segregation among the gametes of the 
Fg-plant could be demonstrated. 

4. The averages of the four series of segregates tested all differ from 
the recombination values produced by their parent varieties when 
crossed to the same partner. The segregate crosscs all gave lower re- 
combination values than the corresponding pure line crosses. 

5. It is coneluded that the most plausible genetical interpretation 
of the faets is that the linkage intensity is determined by several genes 
with quantitative effeets, although the faets do not fully agree with this 
interpretation. The causation of the variation in linkage intensity may 
equally wcll be sought in struetural differcnces between the chromo- 
somes of different biotypes. 

6. Some suggestions for the further research in this field are put 
forward. 
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CHROMOSOMENBINDUNGEN IN EINIGEN 
KREUZUNGEN ZWISCHEN HALBSTERILEN 

ERBSEN 

VON ARTUR HÅKANSSON 

LUND 

(Willi a sunimary in Enfjlisli) 


EINLEITUNG* 

I N Pisum sincl nieJiruro Fälle von Sef^iiieiifaustausch zwischeu 

nichl-hoinolo^eii ('hroniosoinen entdeckt worden. Durcli roziproke 
Translokatioiicn wurden zwoi ('liromosomen veränderl. I)ie Pflanzeii, 
die heterozygotiscli sind, also diirch die Venänif^uiij^ einer (iainete mit 
veränderten Fdironiosomeii iind einer Nornudjs^amete (aJso mit durch 
Auslausch[)rozesse imboriihrtt^n (’diromosomt*n) enlstanden sind, zeigcn 
gewisse Figentumliclikeiton. Etwa 50 % von ihren Pollenkörnern imd 
Embryosäck(»n sind abortierl, iind die heteroz\ goliscben Pflanzen sind 
durch ihre nur halb gefiilllen Hiilseii und ihren schlcchten Pollen leicht 
kenntlich. Zylologisch zeichnen sie sich dadiirch aiis. dass in der ersten 
Reifeteilung vier (diromosomen zu einer Kelte oder einem Ring vereint 
sind (diese Pdiromosomenkontiguralion wiirde Amj)hibivalent genannl): 
die beiden veränderten (dironiosomeii haben sich mit ihren Homologen 
aus der Normalgamete gepaarl. 

Die heterozygolischen Pflanzen spalten in Bezug auf Sterilität 
und EJiromosomenform. 74 der Pflanzen der Nachkommenscliaft 
sind wie die li^ltern heterozygotisch, halbsteril, und haben einen 
Chromosomenring, sind Normalpflanzen, sind fertil und haben nor- 
male Chroiuosomenpaarung, schliesslich sind zwar auch tertil und 
haben normale Paarung, sind aber in Rezug auf den Segmentaustaiisch 
homozygotisch. Die let zt eren lassen sieli dadurch erkennen, dass sie, 
mit Normalpflanzen gekreuzt, halbslerile Hybriden ergeben. Die 
homozygolischen Pflanzen werden in Datura »prime types. genannl 
(Bergner, Satina, Blakeslek 1933), also Primärtypen. 

Bisher sind in Pisum h)lgeiide Fälle von Austausch zwischeu Nicht- 
Homologen bekannl. Die zuerst zu beschreibenden sind Primärtypen. 
Es ist die K-Linie von Hammarlund, die, mit »Normalpflanzen^ ge- 
kreuzt, halbslerile Bastarde ergibt. Fenier eine Thibeterbse, die mit 
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Linien der Sorte Duke of Albany gepruft, auch HalbsterUiiäi hervor- 
rief (Righardson-Sansome 1932). Als Primärtypus ist auch die Sorte 
Extra Rapid anzusehen, wenigstens in Bezug auf bisher gepriifte Linien. 
Die Kreuzung Solo X Extra Rapid ist halbsteril und während der Chro- 
mosomenpaarung sind vier Chromosomen vereint (Håkansson 1931). 
Ich habe jetzt mehrere andere Bastarde von Extra Rapid und anderen 
Erbsensorten untersucht. Bei allen konnte ich eine Vereinigung von 
vier Chromosomen feststeilen. Die Kreuzungen sind alle von Herrn 
Saatzuchtleiter Ernst Nilsson hergestellt. Ähnliche Chromosomenbin- 
dungen wie in Solo X Extra Rapid fand ich in Lincoln X Extra Rapid, 
de Grace X Extra Rapid, Luxuria X Extra Rapid, Friihe, niedrige X 
Extra Rapid, einer Mutante aus English Wonder X Extra Rapid, und 
schliesslich Extra Rapid X Witham Wonder. Extra Rapid ergibt also 
mit verschiedenen Sorten halbsterile Bastarde mit Chromosomenzusam- 
menschluss; ihre Chromosomen milssen durch Segmeniaustausch ver- 
ändert sein. 

Wir haben dcmnach hier drei Primärtypen. Weitere Fällc von 
Segmentaustausch sind jedoch bekannt; alle sind in den Kulturen von 
Herrn Saatzuchtleiler Nilsson entstanden (Håkansson 1932, Nilsson 
1933). Sic sind liöchst wahrscheinlich spontan als eine einzige Pflanze 
erschienen, und alle dank ihrer Semisterilität entdeckt worden (Nilsson 
1933). Ich habe sie in meiner friiheren Veröffentlichung NI, N2 und 
N3 genannt, womit also keine Primärtypen, sondern die heterozygotL 
schen Typen bezeichnet sind. NI ist, wie NlLSSOiN später beschrieb, 
als einzige seniisterile Pflanze in Kneifelerbsenmutationeii aus Zuk- 
kererbsen aufgetrelen. Der Semisterilitätsfall N2 erschien zuerst auch 
als eine einzige Pflanze, und zwar in Sabre-Erbsen. NI wie N2 haben 
ein Amphibivalent von gewöhnlichem Aussehen. sie sind offenbar 
durch Austausch zwischen Nicht-Homologen gebiidet, der in einer 
Pollen- oder Embryosackmutterzelle einer der Elternpflanzen statt- 
fand. Segmentaustausch nach der Kreuzung hat aber offenbar noch 
cinen ScmL>lerilitätsfall hervorgerufen, nämlich in der Kreuzung zwi- 
schen einer Mutante aus English Wonder und de Grace (siehe Nilsson 
1933). Diescr Sterilitätsfall hat keine Bezeichnung. Zum Schluss 
haben wir einen abweichenden Fall von Halbsterilität, und zwar N3 
(siehe Håkansson 1932). Er entstand aus einer Kreuzung Bohnen- 
erbse X Automobil, weist in genetischer Hinsicht keine Eigentiiinlich- 
keiten auf (siehe Nilsson 1933), hat aber eine abweichende Zytologie. 
Die semisterilen Pflanzen sind deutlich trisomisch in Bezug auf ein 
Chromosomensegmenl. Sie sind also nicht durch Austausch zwischen 
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Nicht-Homologen g€‘bildet, wahrscheinlich hat eine Translokation von 
einem Segment staltgefunden. 

Sieben Fälle von Ohromosomenveränderimgen, die niil Halbsteri- 
lilät verknupft sind, sind also in Pisum bekannt. Drei davon sind Pri- 
niärtypen, vier sind zuerst als Heterozygoten erschienen und beob- 
achlet worden. Die letztgcnannten spalten Primärlypen ab, denn in 
ihrer Nachkommcnschatl befinden sich fertile und halbsterile Pflan- 
zen in gleicher Anzahl. NI weicht aber in dieser Hinsicht ab, die 
Spaltung ist hier 2 halbsterile : l fertil. Möglicherweise sind die Hoino- 
zygoten nicht lebenstauglich (siehe Nilsson 1. c.). 

Ich will hier iiber die Zylologie von Kreuziingen zwischen den 
halbsterilen Typen berichten. Die Kreuzungen sind von Herrn Saat- 
zuchtleiter Ernst Nilsson hergestellt. Zweck der Untersuchungen war 
die Feststellung ob dieselben oder verschiedene Chroinosomen in den 
verschiedenen Stcrililätsfällen von den Auslaiischprozessen betroffen 
seien. Folgende IVpen wurden miteinander gekreuzt: 

Extra Rapid, ein Primärtypiis. 

NI, semisterile Pflanzen (vergl. oben). 

N2, semisterile Sabre. 

N3, semisterile Pflanzen aus Bohnenerbse X Automobil. 

N4, semisterile Kreuzung Delikatess Lincoln X Extra Rapid. 

Die Kreuzungen, die ich untersuchten konnte, sind: 

N3 X Extra Rapid. In dieser Kreuzung befanden sich keine fer- 
(ilcn, sondern nur sterile Pflanzen. Einige wareii halbsteril, also mit 
etwa 50 % Sterilität, andere besassen tinen weit grösseren Prozent von 
untauglichem Pollen. 

N2 X NI. In dieser Kreuzung erschienen fertile Pflanzen, Pflan- 
zen mit 50 % Sterilität und eine Pflanze mit mehr als 50 % Sterilität. 

NI X N3. Audi hier traten fertile Pflanzen, halbsterile Pflanzen 
und Pflanzen mit noch grösserer Sterilität auf. 

NI X N4. Dieselbe drei Pflanzentypen wurden auch in dieser 
Kreuzung erhalten. 

N2 X N3. In dieser Kreuzung wurden nur zwei Pflanzentypen 
erhalten, nämlich fertile und halbsterile Pflanzen. 

N4 XN3. Hier dagegen waren sowohl fertile Pflanzen vorhanden 
wie auch halbsterile, oder solche, die mehr als halbsteril* waren. 

NI bis N4 sind wie gesagt heterozygotisch und bilden zwei Sorten 
von tauglichen Gameten, teils Normalgaineten mit den unveränder- 
ten Chromosomen, teils Gameten mit den beiden veränderten GJiro- 
mosomen. Bei der Kreuzung von zwei heterozygotischen Linien miissen 
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also verschiedene Pflanzen gebiidet werden. Vi der Pflanzeti siud 
durch die Verschmelzung von Normalgameten gebiidet, sie sollen 
normale Chromosomenpaarung zeigen und fertil sein. V* der Pflanzen 
der Nachkommenschaft sind durch Vereinigung einer Normalgamcte 
mit einer Gamete mit veränderten Chromosomen entstanden, diese 
Pflanzen sollen halbsteril sein, und die Chromosomenkonfiguration 
einer der Elteriitypen besilzen. Eine dritte Pflanzensorte ist durch 
eine Vereinigung der veränderten Gameten in den beiden gekreuzten 
Halbsterilen zu erwarten. Es ist anzunehmen, dass die Chromosomen- 
konfiguration und Sterililätsverhältnisse hier in den verschiedenen 
Kreuzungen verschieden sind. 

Extra Rapid biidet als Primärtypus nur eine Gametensorte. In 
Kreuzungen mit den heterozygotischen Pflanzen verursacht sie also die 
Bildung einer zweifachen Nachkommenschaft, da ihre Gameten eine 
Normalgamcte oder eine Gamete mit veränderten Chromosomen be- 
fruchten können. Wenn eine Normalgamcte befruchtet wird, entsteht 
eine halbsterile Pflanze mit Amphibivalent in der ersten Reifeteilung, 
anderenfalls können neue Pflanzentypen gebiidet werden. 

Die Individuenanzahl in den verschiedenen Kreuzungen war nicht 
gross, die zu erwartenden Pflanzenkategorien kamen jedoch vor. 

Es soll auch daran erinnert werden, dass eine Kreuzung von Erb- 
senlinien mit durcli Austausch veränderten (^Ihromosomen zytologisch 
bereits untersuchl worden isl. Es war ein Bastard aus zwei Primär- 
typen, und zwar die K-Linie von Hammarlund und die Thibet-Linie 
von Pkllew. Der Bastard zeigte in der ersten Reifeteilung einen Ring 
aus sechs (diromosomen, und eine weit grössere Pollensterilität als 
50 , nämlich 70 % (Richardson-Sansome 1932). 

DIE KREUZUNG N3 ( EXTRA RAPID* 

In dieser Kreii/ung wurden brauchbare Teilungen von drei Pflan- 
zen erhalten. Zwei davon waren lialbsteril, ihr Pollen war zu 50 % 
taub. Diese Pllanzen zeigten die (llhromosomenpaarung, die in Halb- 
sterilen allgemein isl, also ein Amphibivalent. Nun ist schon ange- 
deutet worden, dass N3 eine abweichende Zylologie hat. In N3 sind 
oft drei Chromosomenenden vereint, und oft sind in der ersten Meta- 
phase sieben Bivalentc, anstatt fiinf und ein Vier-Ring vorhandeii. 
Diese Eigeutumlichkeiten wurden in der halbsterilen Kreuzungsnach- 
kommenschaft aber nicht wiedergetuuden. Das Amphibivalent war 
anstattdessen von gewöhnlichem Aussehen, so wie es in Extra Rapid X 
Solo-Erbse beobachtet wiirde. Die beiden untersuchten, halbsterilen 
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Pflanzen sind also durch die Versclimelzung einer Extra Rapid-Cianiete 
mit einer Norinalgamete aus N3 gebiidet. 

Fertile Pflanzen sind, wie hervorgehoben wurde, nichl zu erwarlen 
und wurden in der Kreiizung auch nicht gefunden. Dagegen entstan- 
den einige Pflanzen, die eine grössere Pollensterilität als 50 % zeigten. 
Von einer dieser Pllanzen erhielt ich Präparate mit Teilungen in den 
Pollenmutterzellen. Es liandelt sich um die Pflanze 16 (Fig. 1). 



vi% ^ 



Fig. 1. Die Kreuzung N3 X Kxlra Rapid, Pflaii/e Ki. - ri: die Cliromosoinen aus 
vior Pollcninulter/ellcn. - - a: Sechs-Kontiguration und vier Bivahuite. - />: Vier- 

Konfiguralion (Amphibivalent) und fiiiif Bivalente. - c: zwei »Trivalcnlo und vier 
Bivaleiite. — d: siebeii Bivalente. — e—i* Sechs-Konfiguralionen aus versctiiedenen 
Pollenmutterzellen. — j: Funf-Kelte und Univalent. 

In dieser Pflanze waren sechs Cliromosoinen zii einer grossen Kon- 
figuration in der ersten Metaphase gepaart. Der Chromosornenkom- 
plex hatte ein recht verschiedenes Aussehen. Meist war es eine Kette, 
aber auch geschlossene 6-Ringe wurden beobachtet. Bisweilen waren 
die Chromosomen im Komplex zickzackorientiert, sodass benachbarte 
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Ghromosomen nach verschiedenen Polen der Kemspindel gelangen 
mussten und fertile Polknkörner entstehen. Abweichungen von der 
regelmässigen Zickzackanordnung waren aber weit häufiger (Fig. 1 
e — g), Nichttrennung der Komplexchromosomen muss also sehr oft 
stattfinden, eine Erschcinung, die zu Gonensterilität fuhren muss (siehe 
auch die Anordnung in Fig. 1 /i). 

Die eigenartigen Chromosomenbindungen in N3 kamen auch in 16 
vor. Drei Chromosomeiienden sind nicht selten vereint, der Chrcimo- 
somenkomplex ist dann meist eine Art von Kette aus vier Chromo- 
somen, die mit dem Querami eines Bivalents vereint sind (Fig. l a 
und i). Die Kettenchromosomen sind in Fig. 1 a zickzackorientiert. 
Es isl klar, dass 16 durch Vereinigung einer N3-Gamete mil veränderten 
Chromosomen und einer Extra Rapid-Gamcte gebiidet wurde. An die 
Bindungsvcrhältnisse in N3 erinnert auch die Variation, die in den 
Pollenmutlcrzellen von 16 zu beobachten isl. Oft ist ein Bivalent 
vom Chromosomenkomplcx frei, sodass in der Zelle funf Bi valente 
und eine Vier-Kette oder -Ring vorhanden sind (Fig. Ib). Fig. 1 / 
zeigt eine Fiinf-Kelte und ein Univalent. Einige Male wurden vier 
Bivalente und zwei Trivalenle beobachtet (Fig. I c). In einer Pollen- 
mutterzelle befändcn sich sogar sieben Bivalente (Fig. 1 d). Es war 
also teils, wie so ofl, ein Bivalent frei, leils war eine Chiasmabildung an 
zwei Stellen im restierenden Chromosomenkomplex ausgeblieben. 


DIE KREUZUNG N2 X Nl* 

In dieser Kreuzung dagegen waren drei in Bezug auf ihre Ferti- 
lität verschiedene Pflanzensorten: vollfertile, halbsterile und mit hö- 
herer Slerilitäl als 50 % . Ich habe eine Pflanze von jeder Sorte unter- 
suchen können. In der fertilen Pflanze waren sieben Bivalente in der 
erslen Metaphase, und in der halbsterilen waren funf Bivalente und 
ein Amphibivalent, wie es in halbsterilen Pflanzen gewöhnlich der Fall 
ist. Genauere Studien wurden nicht gemacht. 

Eingehender dagegen wurde eine Pflanze mit höherer Sterilität 
als 50 % untersuchl (Fig. 2). Hier war eine Chromosomenkonfigura- 
lion aus sechs gcpaarten Chromosomen sowie vier Bivalente zu sehen. 
Der Chromosomenkomplex war als Ring (Fig. 2 b, c, d, /) oder Kette 
(Fig. 2 a, g) ausgebildet. Regelmässige Zickzackanordnung der Chro- 
mosomen kam bisweilen vor (Fig. 2 d) und fiihrt allem Anschein nach 
zur Bildung von fertilen Gameten. Durch die Bildung von interstitiellen 
Chiasmata entstehen Querarme, in Fig. 2 b sind vier solche zu sehen. 
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Sie sind aber nichl immer vorhanden, in Fig. 2 / ist kein einziger Quer- 
arm zu beobachten. 

Der 6-Komplcx war hier verschieden von dem in der Kreuzung 
N3 X Extra Rapid gefundenen. Eine Vereinigung von drei Chromoso- 
menendcn wurde nicht beobachtet. Die Chromosomenbindungen sind 
ferner sehr konstant, in fast allen Pollenmutterzellcn war ein 6-Kom- 
plex vorhanden. Nur sehr selten waren fiinf Bivalente und ein Amphi- 

■- 4 ^ 

Fig. 2. Die Kreuzung N2 X Nl, Pflanzc 58. — a — d, /: Sechs-Konfiguration und vier 
Bivalente von fiinf Pollenniutterzcllen. — e: Vier-Ring und fiinf Bivalente. - 
g: Sechs-Konfigurntion. 

bivalent, wic sie in Fig. 2 g abgebildet sind, vorhanden. Das Amphi- 
bivalent war in diescr Zelle merkwurdigerweise ein geschlossener Ring, 
was wohl darauf beruht, dass ein Segmentaustausch zwischen Nicht- 
Homologen stattgefunden hat. 

DIE KREUZUNG Nl X N4* 

Es wurden hier drei Pflanzen untersucht, die Sterilität konnte 
aber leider nicht festgestellt werden. Zwei Pflanzen hatten fiinf Bi- 
valente und ein Amphibivalent. Die eine, 57, wurde ziemlich einge- 
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hend untersucht. Das Amphibivalcnt war hier sclten eine Kette, meist 
ein geschlossener Ring. Bei 189 Pollenmutterzellen wurde das Amphi- 
bivulent studiert. In 11 Zellen war eine Kette, in 178 ein Ring. Nur 
etwa 5,8 % der Pollenmutterzellen weiscn also eine Kelte auf. 

Bckanntlicb sind die Cbromosomen, die das Ampbibivalent bilden, 
entweder zickzackorieniiert, benacbbarte Cbromosomen geben nacb 
verscbiedenen Polen und es bilden sicb fertile Pollenkörner, oder es 
kommen Abweichungen von der Zickzackanordnung vor, die zur Ste- 

Fig. 3. Dic Kreuzung NI X N4, Pflanze 59. — a — d: die Chromosomcn von vier 
Pollenmutterzellen, in alleii zwei Vier-Konfiguratioiien (Araphibivalente) und drei 
Bivaleritr. — e: zwei Ainphibivalcnte, zwei vcrklebte Bivalente und ein freies 
Bivalent aus einer Pollenmutterzellc. 

rilität fiihren. In den Krcuzungen mit der K-Linie von Hammarlund 
waren diese beiden Typen gleich häufig (Håkansson 1931). In der 
Pflanze 59 war dies aber, wie es schien, nicht der Fall. Bei den er- 
wähnten 189 Pollenmutlerzellen kam Zickzackanordnung nur in 60 
vor, 129 zeigten Abweichungen. Ob dies einen Einfluss auf die Ste- 
rilitäl dieser Pflanze hat, weiss ich wie gesagt nicht. 

Eine Pflanze dieser Kreuzung zeigte eine interessante Chromo- 
somenpaarung, da drei Bivalente und zwei Amphibivalente in der ersten 
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Metaphase vorlianden waren. Die (Uiromosomen von liinf Pollen- 
mutterzellen sind in Fig. 3 abgebildet. Diese Pflanze war also durch 
die Vereinigung von zwei (Jameten entslanden, die beide veränderte 
Chromosonien hatlen. Das Material, das untcrsucht werden konnte, 
war nicht gross, eingeliendere Studien iiber das Aussehen und Ver- 
halten der bciden (^hromosomenringe konnlcn kaum gemacht werden. 
Es waren nämlich grösslcnteils Ringe, Kotten kainen scltener vor 
(Fig. 3 ö). Zickzackanordnung der (Lhromosomen war liäufig (Fig. 3 h 
und c), es konnte aber kaum eine einzige Pollenmutlerzelle aufge- 
funden werden, in der die ('.hromosomen von beiden Amphibivalenten 
zickzackorientiert waren. 

Die beiden Amphibivalente waren anschcinend elwras verschieden. 
In dem einen waren häulig Querarme ausgebildet, bisw^eilen an allen 
vier Fugstellen im Ringe (Fig. 3 e). In dem anderen Amphibivalent 
waren Querarme weniger häulig, meist waren es zwrei, die von dem- 
selben Ehroinosom gebiidet wurden. Die in Fig. 3 e abgebildelc 
(^hromosomenanordnung zeigt scheinbar drei Amphibivalente; ausser 
den beiden Amphibivalenten kommt eine losere Vereinigung von zwei 
Bivalenlen vor, verniutlioli keine Paarung, nur eine Verklebung. 

DIE KREUZUNG Nt N3- 

Von dieser Kreuzung wurden drei Pllanzeii eingehender unler- 
.suchf, eine fertile, eine halbslerile und eine mit höherer Slerililät als 
50 %. 

In der fertilen Pflanze w^aren siehen Rivalenle. Eine Eigentum- 
lichkeit, die in dieser Kreuzung nicht selten ist, und die aueh bei 
anderen Erbsen beobachtel w^erden kann, isl eine Verklebung von zwei 
Bivalenten durch einen Faden (vergleiche oben). Die (Jiromosomen 
in einer Pollenmulterzelle, in der eine solehe Vereinigung vorhanden 
war, sind in Fig. 4 a abgebildet. 

In der halbsterilen Pflanze wurden ganz die gleichen Ehromo- 
somenverhältnisse gefunden, die N3 auszeichm*t. Ofl kommen in den 
Pollenmulterzellen siebeii Bivaleiite statt fiinf Bivalente und ein Amphi- 
bivalent vor. Die Paarung von drei Fdiromosomenenden ist keine Sel- 
lenheit (Fig. 4 c). ^ Verklebungenv von Bivalenten lassen sich auch 

hier beobachten (Fig. 4 b), Diese Pflanze cntstand also durch Ver- 
schmelzung einer veränderten Gametc von N3 und einer Normalganiete 
von NI. 

Die Pflanze mit mehr als 50 Sterilität hatte eine andere Zyto- 
logie: in der Regel w\aren sechs Chromosomcn miteinander vercint. 
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Die Chromosomenpaaning war ähniich der in der sehr sterilen 
Pflanze in der Kremung N3 X Extra Kapid. Es kam dieselbe Varia- 
tion in den Chromosomenbindungen, die friiher beschrieben wurden, 
vor. Oft ist also der 6-Komplex in ein Bivalent und einen 4-Komplex 
aufgelöst. Fig. 4 d zeigt die Vereinigung von drei Chromosomenenden 
in dem Chromosomenkomplex. Die in Fig. 4 e abgebildeten Chromo- 

■OJ 

Fig. 4. Die Kreiizung NI X N3. — n: Pflanze 43. Zwei verklebte und funf frcie 
Bivalen te aus einer Pollenmutterzclle. — b — c: Pflanze 49. — b: Amphibivalent und 
funf Bivalente, davon zwei verklebte. — c: Amphibivalent. — d — e: Pflanze 47. — 
d: verschiedene Sechs-Konfigurationen mit drei vereinten Chromosomenenden. — 
e: anderc Sechs*Konfjgurafioncn. 

somenvereinigungen sind dagegen ohne solche Bindungen. Wie er- 
siditlich kommen dann teils Kettcn, teils geschlossene Ringe vor. Fer- 
ner können die Chromosomen zickzackorientiert oder in anderer Weise 
geordnet sein. 

DIE KREUZUNG N2 X N3. 

In dieser Kreuzung waren nur fertile und halbsterile Pflanzen. 
Dagegen kamen keine Pflanzen mit höherer Sterilität als 50 % vor. 
Das Individuenanzahl in der Kreuzung war nicht gross, doch waren 
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es drei fertile und drei halbsterile Pflanzen. Die Spaltung scheint also 
1 : 1 zu sein. Eine fertile Pflanze hatte siebeii B^valenle in der ersten 
Reifeleilung. Eine halbsterile Pflanze zeigte funf Bivalente und ein 
Amphibivalent. Die Teilungen in dieser Pflanze (25) waren selir un- 
regelmässig. Elimination von Chromosomen in der ersten Teilung war 
eine sehr häufige Erschcinung. 

DIE KREUZUNG N4 N3^ 

111 dieser Kreu/iing wurden halbsterile Pflanzen und Pflanzen mit 
grössercr Stcrililät als 50 ?o unlersucht. In Fig. 5 sind die Chromo- 



Fig. 5. Die Krruzung N4 X N;i. -- n — h: Pflanze Amphibivalent mit drei ver- 
einten Chromosomenenden und liinf Bivalente au.s zwei Pollenmultcrzellen. — c: 
Amphibivalenle einer .semisterileii Pflanze in Nll X N4. — d: Amphibivalent eiiicr 
anderen semisterilcn Pllanze in NJi X N4, in der keine Vereinigung von drei Chromo- 
sonienendeii beobachtet wurde. 

somen von zwei Pollenmulterzellen einer semisterilen Pflanze abge- 
bildet. Die Fdiromosonienbindungcn sind wie bei N3, die Pflanze ist 
offenbar durch Vereinigung einer veränderten N3-(iainete und einer 
Normalganiele von N4 gebiidet. Oft waren sieben Bivalente zu sehen. 

Ein paar semisterile Pflanzen aus einer anderen Kreuzung zwi- 
schen N3 und N4 zeigten verschiedene Amphibivalente. Es war eine 
Spaltung unter den halbsterilen Pflanzen in Bezug aiif ihre (ihronio- 
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somenbindungen. In der einen war die Chromosomenbindung wie in 
der soeben erwähnten Pflanze und in N3 (Fig. ö c). In der anderen 
liess sich eine Vereinigung von drei (Lhromosomenenden nicht beob- 
achten, auch war ein Åmphibivalent in allen Pollenmutterzellen zu 
sehen. Diese Pflanze war durch die Befriichtung einer Normalgamete 
von N3 mit einer Mutantgainete von N4 gebiidet. 

Schliesslich wurden die Chromosomenbindungen in zwei Pflanzen 



Fig. 6. Die Kreuzung N4 X N3. — a — d: Pflanze 35. — n: Pollcnmuttcrzelle mit 
vier Bivalenlen nml Sechs-Konfigiiration, in dieser sind drei Chromosomeneitden 
vereinl. — b: ringförmigc Sechs-Konfiguralion und fiinf Bivalcnte. — c: zwei »Tri- 
valente» und funf Bivalente. — d: verschiedene Sechs-Konfiguralionen. — e: Pflanze 
40. Sechs-Konfigurationcn. 

mit höherer Stcrilität als 50 % studicrt. In bciden befand sich ein 
Komplex von sechs (^hromosomen. Eine der Pflanzen, 35, konnfe ein- 
gehender untersucht werden. Fig. 6 a zeigt eine Pollenmutterzelle in 
sehr fruher Metaphase: es sind vier Bivalente, die frei sind, und ein 
Bivalent, das an eine Vier-Kette gebunden ist. Diese Chromosomen- 
anordnung wird von N3 gern gebiidet. Einige Sechs-Komplexe sind in 
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Fig. 6 d abgebildet. In Fig. 6 b sind vier Bivalenle und ein geschlosse- 
ner Ring. Fig. 6 c zeigt die Chromosomen in einer Pollenmutterzelle 
mit vier Bivalenten und zwei »Trivalenten». Sehr of t sind schliesslich 
fiinf Bivalente und ein »Quadrivalent» zu beobachten. 

In der anderen Pflanze, 40, schienen ähnliche Bindungen zu sein 
(Fig. 6e). Vertdnigung von drei Chromosomenenden wurde nicht 
beobachtet, wohl darauf beruhend, dass hier sehr wenig Material slu- 
diert werden konnte. 

Einige Zäblungen wurden gemacht, um die relalive Häufigkeit 
von Sechs-Konfiguralion und Vier-Konfiguration zu bestiniinen. In 49 
Pollenmutterzellen war ein Sechs-Komplex, in 22 ein > Quadrivalent . 

ALLGEMEINER TEIL. 

In den meisten untersuchicn Kreuzungen wurden also Pflanzen 
gefunden, die eine ncue ('diromosomenkonfiguration besassen, die in 
den El tern nicht vorhanden war. Es war eine Seehs-Konfiguration oder 
zwei Vier- Konfigurationen. Eine Ausnahnie machte die Kreuzung 
N2 X N3, es waren hier nur zwei Sorlen von l^flanzen, fertile mit nor- 
maler ('Jiromosomenpaarung und halbsterile inil Ainphibivalent und 
fiinf Bivalenten. Ks musscn in N2 und N3 dieselben ('diroinosomen 
von dem Segmen laustauseh betroffen sein. Befruchtungen zwischen 
zwei Normalgamelen oder zwischen zwei Gameten mil veränderteu 
Chromo.somen geben fertile Pflanzen, Befruchtungen zwischen einer 
Normalgamete und einer (iainete mit veränderten Chromosomen, halb- 
sterile Pflanzen. Das Zahlvcrhältnis diirfte 1 : 1 sein. 

In den Kreuzungen von NI und N2, NI und N3 und schliesslich 
von N3 und N4, wurden Pflanzen mit einer grösseren (Jiromosomeii- 
konfiguration aus sechs gepaarten Chromosomen gefunden. Alle diese 
Pflanzen zeiglen eine bedeutend grössere Pollensterililät als 50 %. Ihr 
Pollen war schätzungsweise 'i 4 steril. 

Andere F^älle sind bekannt, wo Pflanzen mit einer Sechs-Konfigu- 
ration eine sehr hohe Sterilität haben. In der von Richaroson- 
Sansome untersuchten Kreuzung zwischen K-Linie und Thibet-Linie 
hatte die erhaltene Pflanze, die Sechs-Komplex zeigte, etwa 70 ?o 
sterilen Pollen (Richardson-Sansome 1932). In Zea Mays wurden 
Pflanzen mit Sechs-Konfiguration durch die Kreuzung .von zwei halb- 
sterilen Linien, »semi-sterile 1» und »senii-sterile 3», erhalten. Die 
Pollensterilität war hier etwas geringer als 7b % (Burnham 1930). Die 
unregelmässige Distribuierung der Chromosomen in der Sechs-Konfigu- 
ration, in der ich regelmässige Zickzackanordnung der Chromosomen 
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seltener beobachten konnte, muss zu einer sehr grossen Goueasturilität 
fiihren. 

Die von Richakdson-Sansomb entdeckte und beschriebene Sechs- 
Konfiguration hatte ein eigentiimliches Aussehen. In den meisten 
Pollenmutterzellen (78 % der studierten Konfigurationen) war ein s. g. 
medianes Chiasma, d. h. ein interstitielles Chiasma war zwischen zwei 
Chromosomen im Sechs-Komplex, die nicht nebeneinander lagen, aUs- 
gcbildet. Das Chiasma war immer an derselben Stelle, offenbar immer 
zwischen denselben Chromosomenstucken, ausgebildet. Die Sechs- 
Konfiguration crhielt dadurch eine charakteristische Form, die »figure- 
of-eight» (Acht-Figur) genannt ist. Diese Chiasmabildung wird durch 
die Annahme erklärt, dass zwei nicht homologc Chromosomen in ihrer 
Mitte ein ganz ähnliches homologes Chromosomensegment gemeinsam 
habcn; die beiden Stiicke paaren sich in der Prophase. 

In dem von mir untersuchten Material wurden Acht-Figuren nicht 
beobachtet. Ich fand statt dessen zwei anderc Typen von Sechs-Kon- 
figurationen. Die eine bei der Kreuzung N2 X NI war eine einfacbe 
Kette oder ein Ring. Die andere war in den Kreuzungen mit N3, also 
in N4 X N3, N3 X Extra Rapid und NI X N3, .sie wird also durch die 
veränderten N3-Chromosomen hervorgerufen. Ich habe oben mehr- 
mals die Chromosomenkonfigurationen in diesen Pflanzen beschrieben. 
Bisweilcn ist es eine Sechs-Kette oder ein Sechs-Ring, oft aber bekommt 
die Sechs-Konfiguration infolge der Vereinigung von drei Chromoso- 
menenden ein abweichendes Aussehen. Sechs-Konfiguration kommt 
ubrigens durchaus nicht in ailen Pollenmutterzellen vor, oft ist es nur 
eine Vier-Konfiguration. Dann gibt es fiinf Bivalente. 

Ich habe friiher die Chromosomenbindungen in N3 beschrieben 
(Håkansson 1932). Sie sind sehr variierend, biswcilen sieben Biva- 
lente, öfler ein gewöhnliches Amphibivalent und funf Bivalente, 
schliesslich recht oft ein Amphibivalent mit drei vereinten Chromo- 
somenenden. Aus der letztgenannten Tatsache wurde geschlossen, 
dass N3 nicht durch Segmentaustausch zwischen Nicht-Homologen 
entstand, vielmehr lag hier ein Fall von einfacher Translokation vor. 
Merkwiirdig.ist doch in solchem Falle das gelegentliche Vorkommen 
von einem geschlosscnen Vier-Ring. 

In Datura werden von den jetzt gefundenen 80 Primärtypen 17 als 
einfache Translokationen gedeutet, die mit der Standardlinie gekreuzt 
eine »kite-like» Konfiguration (Drachcn-Konfiguration) hervorrufen 
(Behgnek, Satina, Blakeslee 1933). Dies ist anscheinend dieselbe 
Konfiguration, die in N3 häufig ist, Amphibivalent mit drei vereinten 
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Chromosomenenden (siehe Fig. bn — c). l)ie Translokationen in 
Datura sind nicht naturlich enistanden, sie sind vielmehr alle durcli 
X-Strahlen oder Radium hervorgerufen. Einige sind als Heterozy goten 
wie N3 zu 50 % pollensteril, andere haben aber als Heterozygoteii 
25 % Pollensterilität oder sind ganz fertil. t)ber eine Variation in der 
Konfiguration, wie sie so bäufig in N3 ist, wird nicbts bericbtet, wenn 
wir von dem Primärtypus 51 abseben, der bald einen Dracben, bald 
einen Ring mit den FJiromosomen der Standardlinie biidet, und deren 
wabre Natur nocb nicbt festgestellt ist (1. c. S. 113). Eine andere 
Da/ura-Translokation bat bald eine Kette, bald einen Dracben, ibre 
Zytologie ist durcb das Vorbandensein von dem Rest des fragmentierten 
('.bromosomes cbarakterisicrt (Bergner und Blakeslee 1934). Pri- 
märtypus 51 scbeint am meisten N3 äbnlicb sein. 

Audi in Zea Mays ist das Vorkommeii von einfacben Transloka- 
tionen bebauptet worden. So wird von Brink und (Looper s. g. »M- 
steriles» gedeutet, die eine Pollensterilität von nur 25 % aufweisen und 
immer eine Vier-Kette, nie einen Ring in der ersten Metapbase und 
Diakinese baben (Brink und (Iooper 1932). Indessen zeigte Burnham 
einen anderen Sterilitätsfall in Zea Mays mit äbnlicben Eigenscbaflen, 
also 25 ?f) Sterilität und Kette, wo ein Fall von Austauscb zwischeii 
nicbt bomologen (Uiromosomen vorliegen muss (Burnham 1933). 

Ob N3 eine einfacbe Translokation ist oder ein Scgmentauslauscb 
der von Translokation begleitet ist, vermag icb nicbt zu entscheiden. 
Die N3-Konfiguration wird vererbt und tritt in den untersucbten Kreu- 
zungen mil N3 auf, teils in den Pflanzen mil Secbs-Konfiguration, leils 
in gewissen balbsterilen Pflanzen. In der Kreuzung N3 X N4 bestand 
unter den Halbsterilen eine Spaltung in Bezug auf die ('.bromosomen- 
konfiguration. 

In NI X N4 wurde eine Pflanze mit zwei Ampbibivalenlen ge- 
funden. Solcbe Pflanzen sind nacb Kreuzung von semisterilen Linien 
sowobl in Zea Mays (Burnham 1930) wie in Datura gefunden wwden. 
Die Sterilität dieser Pflanze wurde nicbt festgestellt, sie ist vermutlicb 
bedeutend böber als 50 %, denn in der Kreuzung NI X Extra Rapid, 
in der dieselben durcb Austauscb veränderten (^bromosomen eingeben 
wie in NI X N4, war eine Pflanze von böberer Sterilität als 50 ?<>. 
Davon wurden jedocb keine geeigneten Stadien erhalten, um ibre (Uiro- 
mosomenkonfiguration festzustellen. 

In der Einleitung wurde erwähnt, dass die grösseren Konfigura- 
tionen Schlusse in der Hinsicht erlauben, inwieweit dieselben oder ver- 
schiedene Chromosomen von Segmentaustausch betroffen seien. Icb 

Hertdlta» XIX, 24 
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habe fruher die (^hromosonien aiaa, biba und so weiter bezekbnet 
(Håkansson 1928). Andere Forscber baben sie AB, CD u. s. w. ge- 
nannt. Eine dritte Art der Bezeicbnung ist die durcb Ziffern, die (^bro- 
mosomen werden 1 • 2, 3 • 4, u. s. w. benannt (Blaeeslge und Cleland 
1930). Letztere Bezeicbnungen sind die kiirzeren, und sie scbeinen jetzt 
am meisten verwendet; darum sollen sie aucb bier angewandt werden. 

Die sieben unveränderten Cbromusoinen der Normalgamete sind 
dann 1 • 2, 3 • 4, 5 • 6, 7 • 8, 9 • 10, 11 12. 13-14. 

Es wird in NI provisoriscb angenommen, dass die Cbromosomen 
1 • 2 und 3 • 4 durcb Segmentaustauscb verändert sind. Die Cbromo- 
somen der Mutantgamete sind also 1 • 4, 2-3, 5 • 6, 7 • 8, 9 • 10, 11 -12, 
13 • 14. Die Cbromosomenbindungen in NI sind 

1 . 4__4 - 3_ 5 - 6 .7 • 8^ 9 - 10^ 11 - 12^ 13 - 14^ 

1-2— 2-3 5-6 7-8 9-10 11-12 13-14 

Von N2 nebmen wir an, die (Cbromosomen 3 - 4 und 5 • 6 baben 
Segmente vertauscht, ibre Cbromosomen sind also 1 - 2, 3 • 6, 5 - 4, 7 - 8, 
9-10, 11-12, 13-14. Sie hat wie NI Vier-Ring und fiinf Bivalente, 
das Amphibivalont ist hier aber: 

^3 - () — 6 - 
3 - 4—4 - iT' 

Bei der Kreuzung von NI und N2 entslehen fertile und halbsterile 
Ptlanzcn nebst Pflanzen mit inehr als 50 % Sterilität. Die letzteren 
baben eine Sechs-Konfiguration. Die Cbromosomenbindungen mässen 
folgende sein: 

^1 - 4—4 - 5—5 • 6^ ^7 - 8^ 9 - 10^ ^11 - 12 ^13 - 14^ 

1 - 2—2 - 3-3 - 6 7-8 ^9 - 10 *^11 - 12 13 - 14 

In der Kreuzung NI X N4 sind Pflanzen mit zwei Amphibivalen- 
ten. In N4 mässen ganz andere Cbromosomen als in NI verändert 
sein, wir nebmen an, die Cbromosomen 5 • 6 und 7 • 8 seien durcb Aus- 
tausch verändert. Das Amphibivalent in den heterozygotischen N4 
Pflanzen ist also 

^5 - 8—8 - 7 ^ 

5 - 6—6 - 7 


Ibre (Cbromosomen sind nämlicb 1*2, 3-4, 5-8, 7-6, 9-10, 11-12, 
13 - 14. 

Die Cbromosomenbindungen in den Pflanzen in NI X N4, die 
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durch die Verjschnielzung von zwei (ianieten, die beide veränderte 
Chromosomen hatten, enlstanden, sind 

^ 1 - 4 — 4 - 3 ^ /). 8 - 8 - 7 ^ ^ 9 - 10 ^ ^11 - 12 ^ 13 - 14 ^ 

1 • 2 — 2 - 3 ^ ^5 .()-6 • 7 "^9 • 10 ^ ^11 • 12 ^ ^^13 • 14 ^ 

Wir habcn schliesslich die (Hhromosomen von N3 zu beriicksich- 
tlgen. Es ist ganz klar. dass in N3 dieselben (Lhroinosonien vorändert 
sind wie in N2. Dies gelit daraus hervor, dass N3 ebenso wie N2 eine 
Sechs-Konfiguralion biidet, weiin sie mit NI gekreuzt wird. Weiler 
sind in der Kreuzung N2 X N3 keine Pflanzen mit höherer Sterilität 
als 50 % oder entsprechende (Ihromosomenbindungeii. 

Mit N4 gekreuzt, veranlasst N3 die Bildung einer Seclis-Konfigurn- 
tion. Es lässl sich erkennen, dass in N3 und N4 das gleiche (^diroino- 
stun verändert ist, aber in den beiden Fallen mit verschiedenen anderen 
getauscht hat (vergl. das Schema iiber NI und N2 oben). Das (ileiche 
gilt von N2, das iioch nieht mit N4 gekreuzt ist. In N4 sind die (Ihro- 
mosomen 5 • 0 und 7 • 8, in N2 und N3 3 • 4 und 5 • 0 verändert. Ich 
gebe kein Schema iiber die (3iromosomenbindungen in den von N3 
hervorgerufenen Konfigurationen, weil ich mir iiber die Deutung der 
Konfiguration von N3, wie erwähnt, niclit klar bin. Ich werde aber 
inehr Material von N3 untersuchen. 

SUMMARY* 

The chroinosome conligurations in Ihe tirst nietaphase ot various 
plants from crosses between semi-steriles in Pisum were sludied, The 
plants were from cullures raised by E. Nilsson and Ihe semi-steriles in- 
\olved were NI, N2, N3 and N4. 

N3 has a peculiar chromosome conliguralion. A chain or ring of 
four is found in many pollen niother cells, biit olten the ends of three 
chromosomes are uniled to form a kite-like conliguration, indicating a 
translocation or duplication that was perhaps followed by a segmental 
interchange. Often Ihere are seven bivalents in the pollen molher cell. 

In NI X N2 a plant was found with a conliguration ol six arranged 
as a chain or a ring. This plant was more than 50 % sterile. 

In NI X N4 a plant was found with two rings or chains of four. 

In the crosses NI X N3, N4 X N3 and N3 X Extra Rapid plants 
were found with four bivalents and a configuration of six. In this 
configuration three chromosome ends were not infrequently iinited. In 
somc pollen mother cells there were five bivalents and a configuration 
of four. All thcse plants were more than 50 ?o sterile. 



In ItllSl! X ^3 «{»pareiitty only {»lants with ncwDOM 

or with a oonfSgqratian of four. 

In Ihn erosses with N3 the ptants with more sterQity than 50 
and some of the aemi-sterile plants inherited the peculiar chromoaome 
configuratkms of N3. 

NI and N4 have arisen through interchange between non-homo- 
'iiogous chromosomes, none of ttie changed chromosomes in NI is in* 
volv^ in N4. 

One of the chromosomes in N2, changed through segmental inter- 
change, is also changed in NI. 

In N3 the same chromosomes are invuived as in N2. One of the 
chromosomes changed in N4 is also changed in N3. 
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